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Introduction
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Introduction

To	observation..
• Preparing	the	required	atomic	distribution
• Controlling	the	optical	phases
• Detecting	the	faint	light

To	observation..
• Preparing	the	required	atomic	distribution
• Controlling	the	optical	phases
• Detecting	the	faint	light

This	experiment
• Optical	lattice	(for	atom	localization)
• Imaging	system	w/	single-site	resolution
• Optical	resonator	(for	light	steering)
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Introduction	

• Tavis-Cummings	model

• Fundamental	aspects	of	light-matter	interaction

• New	quantum	information	processing	protocols
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Background	history

Non-classical	radiation	effect

Single	emitter

Free	space Optical	resonator

Multiple	emitter

RELATIVE	OPTICAL	PHASES

Subwavelength localization Relative	position



2016 Spring Journal club May 10, 2016 9

Seoul National University Quantum Field Laser Laboratory

Background	history
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Experimental	set-up

Atom	pair(87Rb)	coupled	permanently	 (	~10s	)

Driving	field

λtrap,x
2

= 532nm
λtrap,y
2

= 386nm

2D	optical	lattice
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Image	of	an	atom	pair

2D	histogram
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Image	of	an	atom	pair

φ = Δnx
λtrap,x
λatom

π + ny1 − ny2( )π
ny1 , ny2 < λatom

2 λatom − λtrap,y( )for

Difference	phase	are	discrete due	to	the	presence	of	the	optical	lattice

This	is	the	region	where	the	optical	lattice	field(772nm)
and	cavity	mode	 field(780nm)	 gets	less	difference	so	that
the	phase	difference	along	the	y-axis	can	be	evaluated
as	0	or	!. And	 the	experiment	is	done	in	that	region.
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Energy	spectrum	of	the	atom-cavity	system

g = 5S1/2 ,F = 2,mF = 2

e = 5P3/2 ,F = 3,mF = 3

Jaynes-Cummings Tavis-Cummings

S = eg + ge( ) / 2

A = eg − ge( ) / 2
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Energy	spectrum	of	the	atom-cavity	system

g = 5S1/2 ,F = 2,mF = 2

e = 5P3/2 ,F = 3,mF = 3

S = eg + ge( ) / 2

A = eg − ge( ) / 2

DF

Driving	 field 50:50

g(2)(τ )
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Photon	emission	rate

1.3	times

Single	atom

No	zero
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g(2)(0)

Poissonian Super-poissonian
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IN-phase

The	intracavity power	is	independent of	the	number	of	atoms!!
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OUT-of-phase
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Emission	dynamics
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Emission	dynamics

Out-of-phase In-phase
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expecting

• Using	this	experimental	technique

– Explore	the	collective	radiation	effects	predicted	for	multi-

atom	system

– Implement	novel	entanglement

– Quantum	information	processing	schemes	with	several	

qubits
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SUPPLEMENTARY
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Apparatus

498um
(FSR	=	301GHz)

1cm	

waist	30um

F = 55,000
κ = 2π ⋅2.8MHz( )

T =	4ppm TOC	=	100ppm
κOC = 2π ⋅2.4MHz( )

MOT
(87Rb)

γ = 2π ⋅3.0MHz( )
F = 2,mF = ±2

F = 3,mF = ±3

 
g = ω

2ε0V!
µge = 2π ⋅7.8MHz

C = g2

2κγ
= 3.7
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