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* Single atom light interaction

* Single quantum emitters jWA I 03
« Multiphoton entanglement

» Experimental Tests of non-Locality

* Quantum Key Distribution
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Introduction to QKD QUANTUY OPTICS

* Quantum Cryptography =
Quantum Key Distribution

—Have a Random Number at two locations

One-time pad for encryption

1iac Pranavae and CSand
1IES. rréparc arnu oSG

— Bennet Brassard, BB84

—Send single Photons, non-cloning theorem

* 1990ies: Entanglement Based... why?
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Prepare and Send QUANTUY OEs

®* Need for Random Numbers
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* Different Photons, different Colors?

— Dimensionality of Hilbert space needs to be
known for security



Entanglement based QKD QUANTU OFIIGR

* Ekert 1991 (E91)

— Let’s measure two qubits of an entangled entity

— Perfect (Anti)correlation 1

¥) ™ = 7

= eavesdropper knowledge can be eliminated via PA

— Bell’s inequality violated (HV) = |VH))

* Photons for convenience...

®* Freespace: Ad-hoc set-up



Entanglement based QKD QUANTU OFIIGR

* Pairsource: BBO, lean & compact

— Strong temporally correlated ©

— Broader than dimmed lasers ®
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Detection of Photons QUANTUM OPTICS

J.G. Rarity et al,, . Mod. Opt. 41,2345 (1994)
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QUANTUM OPTICS
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— M. Peloso et al., New J. Phys. I 1 045007 (2009)
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Problems in Daylight ~ QUANTUM 0PTICS

* Destruction of detectors

®* Non-linearity of the detector

— Saturation § i _— -
/ / LI R
r'=r(l—1r'1q)
* Accidental clicks ool ——

Ideal Counts [10%ps]

— Confused with real coincidence events (QBER)

1 N 1
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® Fluctuations of ~30dB (day/night)

1 M. Peloso et al., New J. Phys. I 1 045007 (2009)
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Sun & Solutions QUANTUN OPTICS
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M. Peloso et al., New |. Phys. I | 045007 (2009)






Measured rates at daylight QUANTU OPTICS
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— M. Peloso et al., New J. Phys. I 1 045007 (2009)
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Experimental results QUANTUY Okt
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— M. Peloso et al., New J. Phys. I 1 045007 (2009)
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* Entanglement based QKD in daylight,
4 days run without interruption

* Synchronization works at ambient
conditions
®* Noise Suppression
— Spectral
— Temporal
— Spatial
* Brighter Sources...70 pairs/(s mW MHz)

1_ M. Peloso et al., New J. Phys. I 1 045007 (2009)



Interested in
Single Molecules?
IThH I, Thursday,
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Rates in Da_yllght QQUANTUM OFTICY

* Sifting / Signal rate:

I'sig — ’I“CT/Q
, red /2
Tsig — Tsig =

1+ (Tbg —+ TQT)Td/4

* Accidentals:

re =71 (Thg + T (12 — 7)) Tc /2
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Coincidence Counting QUANTUN OPTICS
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Spectral filtering QUANTU i
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Dead time QUANTUM 0PTICS

detection
event
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Correlation Matrix QUANTUY OPTICS

Daylight Correlation
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Entanglement Based QKD QUANTU OFTIES

* Source of entanglement (BBO-Crystal)
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