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While it is well-known
sensing, reaching the Heisenberg limit of 1/N phase 
challenge to produce such states efficiently. Most proposals depend on using linear optics, with a 
heralded probability of producing the state that scales exponentially poorly with increasing 
photon number [2]. Our method
down-conversion to pseudo
deterministically add photons one at a 
time to a state in a cavity (see Fig. 1)
Although the process of down
conversion is non-deterministic, if we 
continually try to add a photon to a state
waiting until a (heralded) 
added, we can effectively turn the 
process into a deterministic one.
the addition of a Pockels cell to change 
the polarization of the photon
build up any state of the form 
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†
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A N00N state in the right/left circular polarization basis can be 

(aR
† )N −

so our source can operate as a
 In addition to discussion of this method,
and how they affect both the state that is created and the efficiency of producing it
experimental use of the state. We will also consider additional states
are more robust to loss [4]. 
 
[1] J. P. Dowling, Contemp. Phys. 
[2] P. Kok, H. Lee, and J. P. Dowling
[3] K. T. McCusker and P. G. Kwiat, Phys. Rev. Lett. 
[4] S. D. Huver, C. F. Wildfeuer, and J. P. Dowling, Phys. Rev.

Quantum Optical State Engineering
Kevin T. McCusker and Paul G. Kwiat 

University of Illinois at Urbana-Champaign 

known [1] that multi-photon states can be used for improved quantum 
, reaching the Heisenberg limit of 1/N phase uncertainty for N00N s

challenge to produce such states efficiently. Most proposals depend on using linear optics, with a 
of producing the state that scales exponentially poorly with increasing 

method uses 
conversion to pseudo-

deterministically add photons one at a 
(see Fig. 1) [3]. 
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N00N state in the right/left circular polarization basis can be put in this form:

− (aL
† )N = [cos(nπ /N )
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our source can operate as a pseudo-deterministic source of N00N states.
In addition to discussion of this method, we will examine the experimental limitations 

e state that is created and the efficiency of producing it
. We will also consider additional states, such as 
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Fig. 1. Diagram of proposed N00N
added one at a time to the cavity, with a Pockels cell (PC2) to 
rotate the polarization of the photons as they are created.  A 
polarization-independent switch [made up of a beam splitter 
(BS), half-wave plate (HWP), and Pockels cell (PC1)] allows 
the state to leave the cavity. The inset shows the linear 
polarization of 4 photons in the desired state.
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be used for improved quantum 
uncertainty for N00N states, it remains a 

challenge to produce such states efficiently. Most proposals depend on using linear optics, with a 
of producing the state that scales exponentially poorly with increasing 

put in this form: 

 

source of N00N states. 
we will examine the experimental limitations 

e state that is created and the efficiency of producing it, as well as the 
such as “M&M” states, that 
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Fig. 1. Diagram of proposed N00N-state source. Photons are 
added one at a time to the cavity, with a Pockels cell (PC2) to 
rotate the polarization of the photons as they are created.  A 

independent switch [made up of a beam splitter 
wave plate (HWP), and Pockels cell (PC1)] allows 

the state to leave the cavity. The inset shows the linear 
4 photons in the desired state. 
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