Electrometers for measuring charge Quantum-Bits

A. Cottet1, P. Joyez1, A. Steinbach1, M. E. Huber2, H. Pothier1, and D. Esteve1
Quantronics group, Service de Physique de l’Etat Condensé

 CEA-Saclay, 91191 Gif-sur-Yvette, France (1)

Department of Physics, University of Colorado at Denver,

Denver, CO 80217, USA (2)

The single Cooper-pair box consists of a small superconducting island connected to a voltage source through a capacitor on one side and through a Josephson junction on the other one. In this system, neighboring charge states, i.e. states which differ by one Cooper-pair in the superconducting island, are coupled by the Josephson term. Close to the degeneracy point for the electrostatic energy of two neighboring charge states, the single Cooper-pair box is equivalent to a two-level system. This macroscopic quantum system, quite well decoupled from other degrees of freedom, can further be manipulated by applying voltage pulses, and read-out by measuring the electrostatic potential of the island. The non-invasive measurement of this potential in the ground state using a Single Electron Transistor (SET), and the observation of Rabi oscillations between the ground state and the excited state, have indeed already proved that the Cooper-pair box is is an  interesting candidate for implementing a quantum-bit. Since the decoherence time for such a q-bit is expected to be much longer than the time needed to perform a single manipulation, elementary manipulations such as producing entangled states should be feasible. I will first show how the spurious impedance in the box circuit provides a source of decoherence and of relaxation for the q-bit. 

Reading the quantum state of a q-bit requires a measuring apparatus with sufficiently large sensitivity, high bandwidth and small back-action. New types of fast electrometers, such as the rf-SET, have been recently developed in order to read out charge q-bits. I will show here how one can use the  superconducting single Cooper-pair transistor in order to obtain a fast electrometer with reduced back-action suitable for q-bit reading. A superconducting transistor, which consists of two small Josephson junctions in series, almost behaves as a single Josephson junction whose Josephson energy is periodically modulated by the gate charge. In the case of  a dc-shunted superconducting  transistor, the modulation of the Josephson energy induces a modulation of the voltage across the device. We detect these variations using a SQUID based amplifier which consists of a series of 100 SQUIDs. Although the sensitivity achieved by this new type of electrometer does not presently rival with that of the rf-SET,  the superconducting transistor  has the advantage of a reduced back-action noise. I will then discuss how one can also use the switching of an unshunted superconducting transistor in order to read-out a charge q-bit, and I will compare both ways of using a  superconducting  transistor for q-bit reading.
