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Realization of Deterministic 
Quantum Teleportation with 
Solid State Qubits

Using modern micro and nano-fabrication techniques combined with superconducting materials we realize electronic circuits 
the dynamics of which are governed by the laws of quantum mechanics. Making use of the strong interaction of photons with 
superconducting quantum two-level systems realized in these circuits we investigate both fundamental quantum effects of 
light and applications in quantum information processing. In this talk 1 will discuss the deterministic teleportation of a 
quantum state in a macroscopic quantum system [1]. Teleportation may be used for distributing entanglement between 
distant qubits in a quantum network and for realizing universal and fault-tolerant quantum computation. Previously, we have 
demonstrated the implementation of a teleportation protocol, up to the single-shot measurement step, with three 
superconducting qubits coupled to a single microwave resonator [2]. Using full quantum state tomography and calculating 
the projection of the measured density matrix onto the basis states of two qubits has allowed us to reconstruct the 
teleported state with an average output state fidelity of 86%. Now we have realized a new device in which four qubits are 
coupled pair-wise to three resonators [1]. Making use of parametric amplifiers [3] coupled to the output of two of the 
resonators we are able to perform high-fidelity single-shot read-out. This has allowed us to demonstrate teleportation by 
individually post-selecting on any Bell-state and by deterministically distinguishing between all four Bell states measured by 
the sender. In addition, we have recently implemented fast feed-forward to complete the teleportation process. In all 
instances, we demonstrate that the fidelity of the teleported states are above the threshold imposed by classical physics. The 
presented experiments are expected to contribute towards realizing quantum communication with microwave photons in 
the foreseeable future.[l] L. Steffen et al., arXiv:1302.5621 (2013),[2] M. Baur et al., Phys. Rev. Lett. 108, 040502 (2012), [3]
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Real-time observation of 
flucutations at the driven- 
dissipative Dicke phase 
transition

We experimentally study the influence of dissipation on the driven Dicke quantum phase transition, realized by coupling 
motional degrees of freedom of a Bose-Einstein condensate to the field of a high-finesse optical cavity. The natural 
dissipation channel of the cavity gives rise to vacuum-induced excess fluctuations of the atomic density which in turn can be 
observed in real-time via the cavity output field. We monitor the divergence of these fluctuations while approaching the 
phase transition and observe a behavior which significantly deviates from that expected for the closed Dicke model. A 
correlation analysis of the cavity output field reveals the diverging time scale of the coupled system and allows us to extract 
an effective damping rate for the atomic dynamics. We find good agreement with an open-system description including both 
dissipation of the cavity field and the atomic field.


