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 (Three-level atom + cavity) + connecting fiber, has flexibility in quantum operations. 
 Effects of dissipation are minimized, as the states involving spontaneous decay and the loss of cavity photons are 

not part of the processing. 
 

 
 Quantum processing requires high fidelity and fast speed. 

 By adiabatic passage we are able to achieve robust processing. 

 We will implement Berry’s proposal of transitionless quantum driving to our quantum network model. 
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Motivation     Quantum networks 

We consider a network whose nodes are electromagnetic cavities, each coupled to a single three-level atom. The nodes are connected by optical fibers. Each atom is addressed by a control laser, which along with the cavity field drives atomic 
transitions. The network can be in the form of chain or two and three dimensional arrays of N-cavities connected by NB fibers. Following the work on two-cavity system by Pellizzari, we find that under certain conditions, the system possesses 
two kinds of dark states. The first kind are N states corresponding to atomic excitations at each node and these are our logical states for quantum processing. The second kind are NB  degenerate dark states on pairs of sites connected by a 
fibre. By manipulating intensities and phases of control lasers on the cavities, one can pass adiabatically among these dark states due to their degeneracy. This network operates as a N-level quantum system in which one can generate 
computationally useful states by protocols of external controls. We obtain numerical results for small chains and lattices to demonstrate some quantum operations like the transport of states across the array, generation of W-states and 
Fourier-like states. We also discuss effects of dissipation and limitations of the model. 

𝜅 – unwanted cavity decay rate, 𝜅f– fiber mode decay rate 
spontaneous decay rate 

 (r) optical (Raman) detuning 
tRabi frequency of control field 

gcoupling strength between the cavity mode and atoms  
 

Theoretical modeling  

Quantum nodes – Atoms, Ions : Each node is a quantum system that stores quantum 
information for long coherence time. 
 
Quantum channels – Fiber : Exchange information between the nodes of the network. 
 
Quantum carrier – Photons : The best qubit carrier for the fast and reliable 
communication over long distance. 

Quantum-bit(qubit) 
 

𝜓⟩ = 𝛼|0⟩ +𝛽|1⟩ ≡ 𝛼|𝑎 ⟩ +𝛽|𝑎 ⟩    𝑤ℎ𝑒𝑟𝑒   𝛼 + 𝛽 = 1 

Quantum state swapping or ideal quantum transmission for two atom-cavity system 

(𝛼|0⟩ + 𝛽|1⟩   )|1⟩ → |1⟩ (𝛼|0⟩ + 𝛽|1⟩   ) 

Time (g t) 

 Numerically we have shown, by only external controls one obtains quantum state transfer and several 
superpositions of atomic states at the nodes of the network. We show that these states are computationally useful 
and allow possibilities of new algorithms. 

Creation of Bell states QST 

Transfer of Bell states 

Numerical results:                                                                                                                    
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A scalable quantum networks is one of the most desired goals for quantum information 
processing.  

Pellizzari has theoretically proposed a reliable quantum state transfer (QST) between 
two atoms  placed in distant optical cavities.  It is based on the adiabatic  passage to 
accomplish the coherent transfer of the quantum information via photonic dark state 
[1].  

Is it possible to extended this model for N atom-cavity  system connected with fiber 
and how reliable is this scheme for large number of nodes ? 
 
In N atom-cavity system, how we can generate quantum operations like swapping of 
states, generation of a class of W-states, creation and transfer of Bell states? 

  In the past two decades several schemes have been proposed to the realize quantum 
networks, which exploit a variety of physical principles viz optical processes for 
polarization qubits, ion arrays in laser traps, electromagnetic cavities with trapped 
atoms, Josephson junction arrays, spin and charge qubits in quantum dots and 
schemes using NMR. 

By slow variation of the intensities of external control lasers a number of quantum operations 
can be carried out. The examples of processes that can be accomplished are: 

where initial state is  𝐴 0 = 1  and 𝑔 = 𝑔 = 𝑔 = 𝑔. 

|1,0,1⟩ → |0,1,1⟩ + |1,1,0⟩  
Fig. 2 

𝐴  

𝐴  

𝐴  

𝐴  

(a) 

(b) 

(c) 

(d) 

𝐴 ,  

𝐴 ,  

𝐴 ,  𝐴 ,  𝐴  𝐴  𝐴 ,  

Chain of six atom-cavity sites  Ring of four atom-cavity sites  

 
 

Fourier-like states 

Superposed state of sites 

The effect of dissipation is a key feature for the viability of the quantum processing. 
The sources of dissipation are:  
 (1) Decay of the photon in the cavity mode (κ). 
 (2) Decay of the photons in fibers (κf ). Experimental realization  

J.K. Vahala 

The  Hamiltonian  of  atom − cavity  system,   𝐻 = 𝐻 + 𝐻  
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