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4. Purpose of Project: 
The purpose of the project is to investigate theoretically (in close collaboration with experimental groups) 
new systems and methods that enable to produce, maintain, detect, and transport quantum-mechanical 
entanglement. 
 
5. Project Scope and Details: 
Coherence plays an essential role in nanoscale physics. We will study coherence effects on mesoscopic 
transport of charges and spins, and examine ways of controlling and maintaining the coherence.  In 
connection with quantum computation and quantum information, a special type of coherence i.e. quantum 
entanglement is especially important. The question is how to produce and maintain entanglement in a 
reliable manner.  To this purpose, we will first continue our work on spins on quantum dots coupled to 
superconducting electrodes, which involves entanglement of spin pairs. We will then examine the 
possibility of transporting spin-entangled electrons by means of adiabatic pumping of charges along 
tunnel junction arrays. We will also study the pumping of entagled electrons by a (double) Cooper pair 
pump in superconducting nanocircuts.  Another related subject is “quantum feedback”, i.e., to suppress 
decoherence dynamically via external pulses. Finally, we want to look at the new “atom chip technology” 
(atom waveguides produced by microstructuring) and see whether concepts and devices known in 
mesoscopic physics can be transferred to this field. 

 
 
6. Results and Products:  
Out of the project we have obtained several interesting results.  Some of them are summarized below: 
1. Significant modification of noise characteristics due to decoherence near a Cooper-pair resonance 
[Phys. Rev. B 67, 045 105 (2003)].  Decoherence usually gives rise to an serious obstacle, especially, 
when one wants to manipulate coherently the quantum states of a given system.  From the point of view 
of shot noise, however, as we showed in the work the decoherence may help us to achieve what we want, 
namely, in the presence of a proper rate of decoherence, the intrinsic noise is suppressed significantly.   
2. Geometric quantum computation on solid-state qubits [J. Phys.: Condens. Matt. 15, 7823 (2003)].  In 
this work, we have shown that with a particular construction of superconducting circuits one can 
manipulate non-Abelian geometric phase of the quantum-states of the system and that using the geometric 
phase one can get universal gates for quantum computation. 
3. Theoretical investigation of the magnetic resonance force microscopy (MRFM) for single spin 
detection [Phys. Rev. B 69, 115 419 (2004)].  In this work we have sutdied the dissipative quantum 



dynamics of the cantilever and the spin in the single-spin detection limit of the MRFM. 
4.  Kondo effect with ferromagnetic leads [Phys. Rev. Lett. 92 (5), 056 601 (2004)].  Kondo effect is a 
result of the interply of coherent resonance tunneling and strong correlation of charges.  In this work, we 
have clearly resolved the debates among many theoretical group who had used their own approximations 
and obtained different results from each other.    
5. Non-linear current-voltage characteristic in a superconductor-Luttinger liquid behavior [Phys. Rev. 
Lett. 90, 247001 (2003)].  In this work, it was found that When the interaction in the Luttinger liquid 
is repulsive, the resistance of the junction with a sufficiently clean interface shows nonmonotonic 
temperature or voltage dependence due to the competition between the superconductivity and the 
repulsive interaction. 
 


