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Single-detector count rate
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0, I, or 2 photons

Overall Count Rate: R x Pin+ P>(2n — 772)

(Ry-and P» are the.probabilities that one and two photons,

respectively, are incident on the detector)

Photon Number
Resolving detector

Detection rate is constant regardless of delay

Commercial APD

Detection rate is lower when 7 = ()

(First reported by Resch, Lundeen, and Steinberg [PRA 63,020102])




Motivation

® Confirm Resch et al’s result (Raw data of Resch et al did not
show the dip effect clearly due to first-order interference).

® Commercial single-photon detectors (based on avalanche
photo detection process) are NOT capable of resolving
photon numbers: |

® How do they respond to different photon number states!?
® Can this deficiency be somehow utilized for state discremination?

® Design a quantum interferometer which can generate certain two-
photon number states deterministically.




Experiment |
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Effects of detection bandwidth:
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Effects of 2nd order visibility:
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Experiment 1l

When 7 = 0, the coincidence should show a peak:

* Does this mean [1).]1).?
*If so, single count rates should show peaks!
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Conditional probabilities at the OC = Ppo oo + Fr1l10 + PraPoo

second beamspliter should be
considered!. i 1C = Bpot0o1 + Po1 P11 + Pro oy
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Experiment Il
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Do single detector count rates show peak-dip features ?
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In single detector measurements, states previously discarded by
coincidence post-selection do matter !
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* Single count rates of APD reveal the post-selective
nature of Shih/Alley-type polarization entangled states.

# States [1)/1)a and —5(2el0a+10)2)) exist only in the

coincidence basis.




* Single-detector response to postsellection-free two-
photon number states |1).|1); and 75 2el00a +[0)e[2)a) !

Consider,
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Single-detecor count rates mirror
the coincidence dip and peak!




Experiment IV

(Polarization analyzers are NC—>T ;lsed)
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* Final two-photon amplitudes are pair-wise indistinguishable!
* No state-postselection: Coincidence peak or dip corresponds to
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* Data measured with ultrafast pump, 3mm thick BBO, and broadband pump
rejection filters.

* Single detector count rates mirror coincidence features.

* Data also re-confirms that asymmetry observed in some ultrafast type-ll
SPDC experiments are due to experimental artifacts.




® The observed “dip” in the single counting rate is
the combined result of quantum interference and
the detector’s insensitivity to incident photon
numbers.

Photon counting APD’s which cannot resolve

photon numbers can be used-to distinguish post-
selctive states vs hon-postselective states.

Demonstrated a new quantum interferometer
which can easily switch between two two-photon

number states |1).]1)q and %(|2>c\0>d+]0>cl2> ).




