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INTRODUCTION

* Mollow’s paper on resonance fluorescence (1969)

* Antibunching of two-level atoms

* Interest in correlating photons from side-peaks

e (Can we do it better?
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OVERVIEW

1. Resonance Fluorescence - what will be filtered
2. Filtering (of) — a simple filtering case

3. Multi-Mode Array - our proposed model and results
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DRIVEN TWO-LEVEL ATOM Vo
0O HA VAV ANS -
Hamiltonian: Hy = hE(a+ + 0_)
9)
. d 1
Master Equation: d—i == [Hy, p] + g (20_po, —o,0_p—po,o_)

p — Density operator

y — Atomic decay rate

Q - Driving amplitude (Rabi frequency)

o, = le)Xgl,o_- = |g){e| - atomic raising and lowering operators



DRESSED STATES
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PHOTON CORRELATIONS
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OVERVIEW

1.
2. Filtering (of) — a simple filtering case
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LORENTZIAN FILTER
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* Large bandwidth = good temporal response
BUT poor isolation

* Narrow bandwidth = good peak isolation
BUT poor temporal response
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SINC FILTERS

sin(t)
t

sinc(t) =
* Fourier transform of a sinc is a
rectangle function
* |Immediate drop off
* Non-causal, physically unrealisable

* Phase shift to recreate box

sinc (at)
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SINC FILTERS

sin(t)
t

sinc(t) =
* Fourier transform of a sinc is a
rectangle function
* |Immediate drop off
* Non-causal, physically unrealisable

* Phase shift to recreate box
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SINC FILTERS

sin(t)
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sinc(t) =
Fourier transform of a sinc is a
rectangle function
Immediate drop off
Non-causal, physically unrealisable

Phase shift to recreate box
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OVERVIEW

1.
2.

3. Multi-Mode Array - our proposed model and results
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OUR MODEL
Hamiltonian:

0 - h TR N

l YK L o
H =[h5(a+ +0_)] + |h z wja}aj + >IN T 1 z (e lmln/Naja+ — elmjn/Na]Ta_)
j:—N j=—N
Driven atom Filter Modes Cascaded system coupling

w;= wq + dw -Resonance frequency of j'" mode

wo - Central mode resonance frequency
édw - Mode frequency spacing
m - Integer sets size for phase delay

Kk - Cavity decay rate for each mode

a]T, a;- photon creation and annihilation operators for the j™ mode
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OUR MODEL

Master Equation:

N
d 1 K
d—'i = E |H,p] + E Z (Zajpa]T — aJTajp — paJTaj) Filtered output

j==N

N
1 t_ ot t
+ > Z (ZCJ-pCj — G Gip — pC; CJ) Cascaded system coupling
j==N

2N+1

[C] = Leimjn/No-_ + \/EaJ




<,

(G

OUR MODEL




OUR MODEL

&
W




&
(e

CAVITY IMPULSE RESPONSE
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CAVITY IMPULSE RESPONSE

~OT

I I
2 = e N — <=
S ) ) ) ) )
(‘mre) wnipedg emoq
|
S o v 9+ a9 o o
— o o ) e ) O_

(2 — o) ouss(r)g

2a

-2a

107

ST

-107m

at



&
(e

CAVITY FREQUENCY RESPONSE
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CAVITY FREQUENCY RESPONSE
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CAVITY FREQUENCY RESPONSE

| Aw)[’

1.0 1

0.8 1

0.6

0.4 1

0.2 1

0.0

&
(e

N =40,6w =0.1,x = 0.2

—— Single-Mode (k = 1.0)
—— Mode-Dependent Delay (m = 1)
Constant Delay (m = 0)

T T T T T T T T T
—10.0 —7.5 -5.0 —2.5 0.0 2.5 5.0 7.5 10.0




FILTERED POWER SPECTRUM

* Filtered spectrum is Fourier transform of first-order correlation function

(AT ()A(0))
(ATA)ss

gV (@) =

e Qutput spectrum of filter should be a single Lorentzian

* Filtered photon correlation

1@ () = A QATDADAWD)

(ATA)Ss

e Correlating photons from dressed state transitions
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CENTRAL PEAK: SINGLE-MODE
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Power Spectrum (a.u.)

CENTRAL PEAK: MULTI-MODE
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MULTI-
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