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 ABSTRACT
	Ever since the foundation of quantum mechanics, quantum state engineering has long been an attractive research field, which is greatly promoted by the recent development of quantum information and the scalable quantum computing. The aim of quantum state engineering is to realize coherent manipulation of quantum state in appropriate physical systems. On one hand, this kind of researches  can be used to testify fundamental problems in  quantum mechanics. 
In order to realize quantum state engineering, a key point is to look for a controllable physical system with good coherence. It is well known that, the quantum coherence of a realistic system, especially a macroscopic system is extremely weak; while some systems with good coherence cannot be well-controlled. Fortunately, in the last ten years, the rapid development of industry has brought great progresses  on the related experimental technology such as low temperature technology, micro-fabrication and super precise measurement with new generation quantum coherent devices based on  quantum dot, Josephson junction, quantum transmission line and micro (nano) mechanical systems. Their quantum coherence has been improved a lot in recent years.  For example, in 1997, the group in NEC laboratory observed the coherent oscillation in time domain for superconducting  charge qubit but the quality factor they can achieve is only 5; in 2002, the researchers in Kansas university and Saclay have independently improved the quality factor of similar systems to 104 and 105. People have achieved  GHz oscillation of  the  nano mechanical  resonators and several cooling techniques has been  developed for the quantization of mechanical oscillation,
From the point view  based on fundamental considerations in  quantum physics, I , in this talk, will discuss some theoretical issues very crucial for the fast advances in these most recent experiments  as well as the “quantum  technologies’ (such as quantum state transfer and storage) , some of which are motivated by quantum information  processing.   My  talk mainly includes:  

1.  Cavity QED architectures for  artificial atoms:

the crucial role of  energy gaps  
      2.  Superconducting qubits and the active cooling of 

 nano mechanical  resonators
3. Maxwell’s demon and Fully quantum control 
4. Quantum state transfer and storage in solid state system 


