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Einstein on Radiation
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Purcell effect : Cavity-QED (Quantum ElectroDynamics)
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E. M. Purcell, Phys. Rev. 69 (1946).

from: K. J. Vahala, Nature 424, 839 (2003).

Nobel laureate Edward Mills Purcell (shared the prize with Felix Bloch) in 1952,

for their contribution to nuclear magnetic precision measurements.
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Photon-Atom Interaction in PhCs

Reservoir Theory
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Fluorescence quadrature spectra near the band-edge

G=0280

=025
035 - [j ook m, =100 [}

w. =100

[}
s

Quadrature Spectrum
B
I

[
E L~
E EI-' [ a r'./ _d"'f-
— L I.IF"."
Her LY"II’ /
ok
|:|.1 | M
005 01F
[} i
005 TR N N TN [N TN TN NN TN AN NN NN SR NN N NN SR B
T 0.5 0 0.5

(oo~ WP

| e R-K.Leeand Y. Lai, J. Opt. B, 6, S715 (Special Issue 2004).
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Solitons in optical fibers

Nonlinear Schrddinger Equation:

iU.(2.1) = —gUtt(z,t) U ) PU (2. 1)

Fundamental soliton:

2
U(z,t) = %eazp[i%z -+ iOo]sech[%t]
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Higher-order (N = 2) Soliton interaction
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Fiber Bragg Grating Solitons

Kerr nonlinearity iiii
of |

Fiber Grating
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Nonlinear Coupled-Mode Equations: .
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A. Aceves and S. Wabnitz, Phys. Lett. A 141, 37 (1986).

Eﬁtiﬂ%%gleton C. de Sterke, P. A. Krug, and J. E. Sipe,Phys. Rev. Lett. 76, 1627 (1996).
I
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BEC in optical lattices

Gross-Pitaevskii equation with periodic potentials,

1
m%q) = VB4 V(1) + glof

which has gap soliton solutions in 1D, 2D, and 3D.

| E. A. Ostrovskaya and Yu. S. Kivshar, Phys. Rev. Lett. 90, 160407 (2003).
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Phase diagram for EM waves

Electromagnetic waves can be represented by

E(t) = Eo[X sin(wt) — X3 cos(wt)]

where
X, = amplitude quadrature
X5 = phase quadrature
X op = % &)
— &
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Coherent and Squeezed States

Uncertainty Principle: AX;AX, > 1.

1. Coherentstates: AX; = AXs =1, Im AKX, AL
2. Amplitude squeezed states: AX; < 1, x <
P ,{\ -‘x\

CAX| o An

4. Quadrature squeezed states.
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Definition of Squeezing and

Squeezing Ratio

A

M = M+AM
(ANr?)
<AM2>CS SR < 1: Squeezing

SR > 1: Anti — Squeezing

SR =
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Quadrature Squeezing of Solitons

For N = 1 soliton:
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Y. Lai and H. A. Haus, Phys. Rev. A 40, 844 (1989); ibid 40, 854 (1989).
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Evolutions of Quantum correlation Spectra

Time-domain intra-pulse photon-number correlations, for N = 1 soliton,
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Multimode Quantum Correlations

With Spatral Filters, C; ; = \/<<i7;2?<7222> i # ]
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S. Spalter, N. Korolkova, F. Konig, A. Sizmann, and G. Leuchs,
Phys. Rev. Lett. 81, 786 (1998).
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The Hamiltonian for Bragg solitons

The Hamiltonian for Bragg Solitons is

_ A JPSE I
Moo= v{=i | d=(Uf - Uu— U - Op)
N / d5(UT0, + UI0,) — w(UIT, + U1 0,))
I N A A A Ny oA oA A
_ §/dz( U, + OTOTE, )

where U,, U, represent forward/backward fields, satisfying
Bosonic commutation relations:

[Ua(zl,t), UJ(ZQ,t)] = 5(21 — 22), [Ub(Zl,t),UJ(ZQ,t)] = 5(21 — 22),
[Ua(zht)a Ua(z27t)] — [U;r(zht)? UJ(ZQ,t)] — [Ub(zht)?[jb(z%t)] =0
EENTHU (0N [T (21,1), U] (22, 0)] = [Ua(21,1), Up(22, )] = [Ua(21,1), Uy (22, 1)] = 0
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Linearization Approach

By setting Uz, t) = Uy(z,t) + (=, t), we can linearize the
QNLCME as follows:

10 da | iTUZ),  2iTUa0Usg il N
Vg ot Uy, 211'Uq40Upo ‘|‘7:FU520 ﬁl];
— 2+ + 2il'|Uqo|? + 2iT|Upo |? ik + 2iTVao Uy la
Vik + 2TU* Uy L+ 46 + 2iT|Uqo|? + 2T |Upo |

where the perturbation fields u,(z,t) and 4,(z,t) also have
to satisfy the same Bosonic commutatlon relations.

E’”NTHU R.-K. Lee and Y. Lai, Phys. Rev. A 69, 021801(R) (2004).
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Amp. Squeezing of FBG solitons
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Apodized Fiber Bragg Gratings

We consider a nonuniform FBG which has a position dependent coupling coefficient

described by
k(2) = Ko + az

where kg is the initial coupling coefficient and « is the slope of the coupling coefficient.
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Tailor the Noise by Apodized Fiber Bragg Gratings
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Mater-wave gap soliton in optical lattices

In terms of field operators, the Hamiltonian for the BEC is
H = [ dr[-81()3V°6(r)+ V()8! (1)0() +981 (1) (1) B(r) B

In the Heisenberg picture, for 1-D,

0 - 1 0% . . . . .
it 1) = =5 =Bt ) +V (@)D () 19100 (1 2)d(E, 2) (4

where ®(t, z) and ®f(¢, z) are field operators with Bosonic
commutation relations:

[D(t, "), (L, 2)] = 6(x — o)
[D(t, "), D(t,z)] = [DF(¢, "), DT (¢, )] =0
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Linearization approach for large atom number

Using @ (¢, z) = Dy (¢, ) + o(t, z) for large atom number,
where & (¢, x) is the mean-field solution of 1-D
Gross-Pitaevskii equation,

o, 1 o2
Zhgq)o(t@) = —5@@)(@$)+V($)¢o(ta$)+91D\¢o(t,$)\2¢o(t>$)

which has gap soliton solutions.
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Comparison of envelope function near the

Near the bottom edge of the gap, one can use envelope
approximation for the gap solitons
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Squeezing ratio V.s.

Optimal Squeezing Ratio [dB]
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Squeezing effect is most profound in the depth of the gap

~and reduced near the band edges.
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Quantum correlation patterns  V.s.

r-domain
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Applications of Squeezed Light

2 Gravitational Waves Detection

> Quantum Non-Demolition Measurement

(QND)

> Super-Resolved Images (Quantum Images)

9 Generation of EPR Pairs
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Generation of Continuous Variables Entanglement

Preparation EPR pairs by Squeezed Sates
A Es

a

AEs A A Es

EENTHU S0 0Ng = —0Ny, 005 = 00,.
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Photon Number Correlation of 2-Solitons Interaction

U(z,t) = sech(z,t + p) + 7 sech(z,t,)e®

Cy o = (:AniAng:)
, ~2 A2
\/AnlAn2
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Evolutions of Photon Number Correlation Spectra
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Quantum Correlations of Bound-States of Solitons
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Photon Number Correlations of Bounded Soliton Trains
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Photon-number correlated bound soliton trains offer novel possibilities to produce

multipartite entangled sources for quantum communication and computation.

EE.NTHU R.-K. Lee, Y. Lai, and B. A. Malomed, Phys. Rev. A 70, 063817 (2004).
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Bound gap solitons

The noise fluctuations of bound gap soliton pairs are the same, but with

photon-number correlation parameter.
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Entangled States by Time or Slicing

(1) time slicing
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Entangled Soliton Pairs

(1) TDM soliton pair
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Conclusions

1. Optical lattice offers a new way to stabilize
optical/matter-wave solitons in high dimensions.

2. Quantum properties and theories of gap solitons are
reviewed.

3. Possible applications of quantum optical solitons in guantum

Information are needed to be explored more.
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