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Three Topics 
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I) SYNCHRONIZATION OF 
HERALDED SINGLE PHOTONS 
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Storage of Heralded Photons 
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* Optical Frequency Not Limited by the Memory System 

* Quantum Post-Processing may Extend the Range of Application 
   E.g. Squeezing => Minus Kitten 

Y. Miwa et al.,  
Phys. Rev. Lett. 113, 013601 (2014) |1  |𝛼 − | − 𝛼  

J. Yoshikawa et al. 
Physical Review X 3, 041028 (2013) 
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Synchronization 
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Explanation of 4-fold Increase 



Wave Picture of a HOM State? 
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Two-Mode Wave Functions 
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HOM in a Wave Picture 
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Density Matrix in Number Basis 

|HOM(−𝜃) =
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Pr 𝑥1, 𝑥2 = 𝑥1, 𝑥2|HOM(−𝜃)
2 = 𝑥1, 𝑥2|𝑈 

†(𝜃)|HOM(0)
2

 

Rotation of Measurement Basis 
=> of |HOM(0)  



II) REAL-TIME ACQUISITION 
OF QUADRATURE VALUES 
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Symmetric and Asymmetric PDC 
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III) BI-PHOTON BI-MODE 
QUTRIT GENERATION 
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Extendable to a Variety of Non-Classical Quantum States 
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Up to Two Photons 
E. Bimbard et al.,  
Nature Photonics 4, 243 (2010) 
 
Up to Three Photons 
M. Yukawa et al.,  
Opt. Express 21, 5529 (2013) 
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Non-Gaussian State Generation 
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M. Yukawa et al., 
“Generating superposition of up-to three photons  
 for continuous variable quantum information processing” 
Opt. Express 21, 5529 (2013) 



Multi-Mode States for QEC 
I.L. Chuang et al., 
“Bosonic quantum codes  
  for amplitude damping” 
Phys. Rev. A 56, 1114 (1997). 
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Summary 

• We made use of optical cavities as memories 
to synchronize photons, and characterized the 
resulting HOM state by wave-basis homodyne. 

• We realized real-time acquisition of 
quadrature values by utilizing exponentially 
rising photon pulses. 

• We extended the heralding scheme to bi-
mode, bi-photon qutrit states. 
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