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Penrose’s Arguments, Quantum Decoherence,
Optical Cooling, Knots of Light
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Great moments in evolution
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Experiment and Theory!!
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Special Relativity

Albert Einstein:"The special theory of relativity owes its
origins to Maxwell's equations of the electromagnetield."
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Special Relativity Quantum Theory

Max Planck:*Maxwell achieved greatness unequalled"



A

T_TM_, _ ul_H\TM

-{'

. 1
il LIGHT!
Eolo
Special Relativity v Quantum Theor

Quantum Field Theory (Gauge theory)

Feynman'From a long view of the history of mankind there can btle
doubt that the most significant event of the 19th cemnjtuvill be judged as
Maxwell's discovery of the laws of electrodynamics”









Scytale: Spartans, 400 B.C.




Alice

15043 ¥

3 ¥ o |

Eavesdropping

- . +
Spinl/2 singlet
/. I
=
Message
01101011101110
101001010010010

101001010010010

Send
& 1!&0011101001111

110011101001111.

- 011010111011101

4+ X Xp 4+ XX X4 4+ XX
R OFROOOO OO

Bob

i it I e

44




Kwiat et al.
PRL744763 (1995).




Phase Matching and Entanglement

Degenerate case: w; = ), = /2

pump laser
e-polarization

nonlinear crystal entangled states

1
o-polarization qu—\/—f( ‘H>1‘V>z +1V>1|H>2)

Birefringence needed for phase matching






Basis of Bell States

particle 1.







Beam
Splitter

Nature 390, 575 (1997)
Phys. Rev. Lett. 80, 3891 (1998)




Quantum Internet
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Hardy’s Thought Experiment







Interaction-free
measurement
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PRL 68, 2981 (1992)

PRL 71, 1665 (1993)
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Self-assembled Quantum Dots
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Molecular Beam Epitaxy (MBE)
grown quantum dots (Petroff)
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polarizers

~ 1 meter




Electron spins coupled to photons

using micropillars
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Photon antibunching




chaotic light
(laser below threshold
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Jaynes-Cummings Hamiltonian
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Now include losses 0= —1wea — 1g0—
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Weak coupling § >>g>p

Purcell Factor
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Interaction with weak probe field: Input-Output foatlism
Collett and Gardiner, Physical Review34, 3761 (1985).
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Plots of various detuning of two-level system faravity resonance
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Photon transmits
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Quantum Computation







Photonic Crystals




Size and position
optimized for high Q
and high n

Mode volume
Effective index
Q-factor (in theory)
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from interface

Q0000000
D QD O CINE (
1op FeReNelelefoNoNe:
View )HekellE # B BN
Q.0 OO 0 O
DR OO OMONENHE
LOOVUH Q0

Slde

View.

V ~ 0.68A/n)3 Measured Q ~ 18000

N ~ 2.9

|
> 200000 GaAS °




QD density
5-50 pm-2 Mode volume
AT RV AW W QDs are spectrally
~ distributed over 50-100 nm
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Single mode lasing spectra

T=45K
P=5uwW

Nondegenerate lasing mode

17-28 dB

No QDs — no mode decoration
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