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Lesson 10



Tentative list of topics to cover:

• From statistics and linear algebra to power spectral densities
• Historical perspectives and examples in many areas of 

physics
• Correlation functions in classical optics (field-field; intensity-

intensity; field-intensity) part iii
• Optical Cavity QED
• Correlation functions, quantum examples
• Correlations and conditional dynamics for control
• Correlations of the field and intensity
• From Cavity QED to waveguide QED.



From Cavity QED to Waveguide QED



Optical Nanofibers

Frequency shift ~ 1 MHz

Polarimetry

Balanced detector

Tapered Nanofiber 

780 nm 
Probe

Excitation laser

(b)

Waist 480 nm, 7 mm long 

Taper lenght 28 mm
Angle 2 mrad 
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The scale



Optical Nanofibers

l=780 nm

Evanescent field 



Lowest order fiber modes
Intensities and polarizations

HE11 TM01 TE01 HE21



Transversal component of the polarization

E continuous line B dashed line



Introduction to optical nanofibers, 
as waveguide



PhD Thesis Jonathan Hood 



Density of modes in 1D

Decay into the nanofiber 
mode



Proportional to the electric field of the guided mode.

Density of modes

Decay into the nanofiber 
mode



Evanescent Coupling

Not to scale

: atom



Evanescent Coupling

γ rad

γ1D Not to scale

γTot = γ rad +γ1D



Evanescent Coupling

γ rad

γ1D Not to scale

γTot = γ rad +γ1D

γ0 γTot ≠ γ0



Coupling Enhancement
γ rad

γ1D

α =
γ1D
γ0γ0



Coupling Enhancement

Not to scale

γ rad

γ1D

α =
γ1D
γ0

γ0



Coupling Efficiency
γ rad

γ1D

γ0
β =

γ1D
γTot

; γTot = γ1D +γ rad

grad may not be g0



Coupling Efficiency

β =
γ1D
γTot

γTot = γ rad +γ1D

Not to scale

γ rad

γ1D

grad may not be g0



Purcell Factor
γ rad

γ1D

γ0
γTot = γ1D +γ rad

FP =
γ tot
γ0

=
α
β



Purcell Factor

FP =
γ tot
γ0

=
α
β

Not to scale

γ rad

γ1D



Cooperativity
γ rad

γ1D

γ0
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Cooperativity

C1 =
β

(1−β)
=
γ1D
γ rad

Not to scale

γ rad

γ1D



Cooperativity

C1 =
β

(1−β)
=
γ1D
γ rad

Not to scale

γ rad

γ1D

C1 is the ratio of what goes into the selected 
mode to what goes into all the rest



Cooperativity
γ rad

γ1D

γ0
C1 =

σ 0

Areamode
1
T



Cooperativity

Not to scale

γ rad

γ1D

C1 =
σ 0

Areamode
no mirrors

T=1 



Cooperativity
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γ1D

C1 =
g2

κγ rad
=

σ 0

Amode

⎛

⎝
⎜

⎞

⎠
⎟
c
vg

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟=

γ1D
γ rad



Cooperativity

Not to scale

γ rad

γ1D

C1 =
σ 0

Areamode
neff =

γ1D
γ rad



What happens on a photonic structure?



PhD Thesis Jonathan Hood 



PhD Thesis Jonathan Hood 

The alligator photonic crystal waveguide (Cal Tech)





PhD Thesis Jonathan Hood 

Scanning electron 
microscope

Cross section of the 
intensity 

Mode area:



PhD Thesis Jonathan Hood 

Because there is a bandgap, the cooperativity grows 
with it. It can also create a “cavity mode” that does not 

move attached to the atom 



Limit of coupling atom and electromagnetic field, 
the case of circuit QED





The dipole d with characteristic length L is in a 
coaxial cavity of lengh l/2 and radius r



The coaxial mode volume is much more confined 
than l3
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Now the coupling constant can be a percentage 
of the frequency
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This is not Jaynes Cummings model



You can continue the calculation, assume 
for wQED that T=1 and L~r, to find g1d

g1d ~ 0.03w

quite different than free space, L<<l
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Thanks


