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The Schrodinger cat was proposed by Erwin Schrodinger in 1935. 

People describe a superposition of two very distinctive quantum 

states (like dead and alive or travelling in opposite directions) of 

many particles as the Schrodinger cat states. They are important in 

quantum information and quantum metrology but generally very 

difficult to make. People can only prepare a dozen photons in such 

kind of states. In my talk, I introduce a new way to build a magic 

beam splitter that can prepare a Schrodinger cat state of photons.  

A beam splitter can split a beam into two beams. N photons coming 

to an ordinary beam splitter have N+1 possible ways to go, i.e., N 

photons go in path 1 and 0 photon path 2; N-1 photons go in path 1 

and 1 photon path 2; and so on until 0 

photon goes in path 1 and N photons 

path 2. If we take all N photons going 

in path 1 as an "alive" state and all N 

photons going in path 2 as a "dead" 

state, for an ordinary beam splitter we 

have a whole spectrum of possibilities 

of the intermediate states that connect 

these two extremities (a continuous 

spectrum from alive to dead). Our 

magic beam splitter excludes all the 

intermediate states and prepares the 

photons in a superposition of only the 

"alive" and "dead" states, also called 

the NOON state. 

Our key ingredient is to use an atom to guide the photons. When the atom is in the excited 

states, N photons go in path 1 and when the atom is in the ground state, N photons go in path 2. 

The mechanism is a synthetic spin-orbit coupling in a Fock-state lattice of three cavity modes 

(one input and two outputs), which has the same structure as the Haldane model (the first 

topological insulator). 
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The evolution of a local excitation  

to a NOON state  at  [1]. 

0 1 220 11 02
out

c c c   


