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Fringe Visibility Example

» High power 1064 nm Nd:YAG laser, 10 W.
» Determine coherence length for a crossed optical dipole trap.

» Revivals of coherence are probably due to multiple longitudinal modes.
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Path Length Difference (cm)

[C. T. Fancher, AC Zeeman force with ultracold atoms, PhD thesis, William & Mary, 2017]



1st Order Coherence

\A What's coherence?
\A Spatial Coherence.

\A Temporal Coherence.
\A 1st order correlation function.
\/5. Wiener-Khintchine

6. Mode-locked lasers



Optical Frequency Cornos

A frequency comb is also a pulsed laser:

T 1l

frequency

Fourier
Transform

»

A mode-locked laser produces the shortest possible pulse:

E o (= E, cos((@, + NA)t + )

n=1



Optical Frequency Cornos

A frequency comb is also a pulsed laser:
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Fourier
Transform

A mode-locked laser produces the shortest possible pulse:

= )= ié cos((@, + AWt + )

—

N\ Ay,
VAVI




Opiical Frequency Combs

A frequency comb is also a pulsed laser:

P
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A mode-locked laser produces the shortest possible pulse:

Etotal (1) = ZN: E cos((a, + NAw)t + ¢,)

i
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(i \

N=5

‘ Ao=n/10
'H'ﬂ | ¢, =0

t On a longer time
‘ J\ scale, the plot
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| repeats every
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Optical Frequency Cornos

A frequency comb is also a pulsed laser:

T 1l

Fourier

Transform

»

frequency

A mode-locked laser produces the shortest possible pulse:

E o (= E, cos((@, + NA)t + )

1

The total
electric field is

AE

n=1

total

| | N=5

Ao=w/10
¢,=0

pulsed!!!

On a longer time
scale, the plot
repeats every
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Optical Frequency Cornos

A frequency comb is also a pulsed laser:

T 1l

frequency

Fourier
R Transform

»

A mode-locked laser produces the shortest possible pulse:

E o (= E, cos((@, + NA)t + )

n=1
1 Power
N=5
The total power Aw=n/10
IS pulsed!!! $.=0
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scale, the plot
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Optical Frequency Cornos

A frequency comb is also a pulsed laser:

T 1l

frequency

Fourier
R Transform

»

A mode-locked laser produces the shortest possible pulse:

E o (= E, cos((@, + NA)t + )

n=1
| Power
The total power N=10
IS pulsed!!!
Ao=w/10
¢,=0

more comb teeth On a longer time

scale, the plot
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Optical Frequency Cornos

A frequency comb is also a pulsed laser:

T 1l

frequency

Fourier
R Transform

»

A mode-locked laser produces the shortest possible pulse:

E o (= E, cos((@, + NA)t + )

n=1
1 Power
The total power N=10
IS pulsed!!!
Ao=n/10
¢,=random

R ipnases On a longer time

scale, the plot
broad random pulses k repeats every
A M M t T=27/ A®

»
»




Can you use a Michelson interferometer
to measure the pulse time?

Basic principle: When the recombined
pulses from both arms overlap, they

interfere.
Mirror on
translation stage

Oscilloscope




Can you use a Michelson interferometer
to measure the pulse time?

Basic principle: When the recombined

Mirror on
translation stage

|

pulses from both arms overlap, they
interfere.

+00
I photocurrent = Csl j ‘ E path A (t) +E path B (t + 1:delay)

>

Oscilloscope

2

dt




Can you use a Michelson interferometer

to measure the pulse time?

Mirror on
translation stage

|

Basic principle: When the recombined
pulses from both arms overlap, they

interfere.

+00
I photocurrent = Csl j ‘ E path A (t) +E path B (t + 1:delay)

4+

photocurrent

2

dt

WW_

|

Oscilloscope

>
tdelay



Can you use a Michelson interferometer
to measure the pulse time?

Basic principle: When the recombined
pulses from both arms overlap, they

Interfere.
Mirror on o0 2
nslation stage —
= J I photocurrent ~ cst _HEpath A (t) + Epath B (t + tdelay) dt
e N
photocurrent

>

tdelay
Oscilloscope

Answer: NO !l Michelson only measures spectral width!
|



Can you use a Michelson interferometer

to measure the pulse time?

Basic principle: When the recombined
pulses from both arms overlap, they

interfere.
Mirror on TP ’
translation Stage I photocurrent = CSt _HEpath A(t) + Epa’[h B (t + tdelay) dt
o Al
photocurrent
>
: {
non-linear delay
crystal Oscilloscope

:: (optional)




2nd Order Coherence

. Degree of second order coherence

. Classical view: Time-domain

. Quantum view: Coincidence measurements
. Thermal Light vs. Laser Light

. Coherence of atomic sources



9@(7)

2" order correlation function

(1) 1t+7) (1) 1(t+7)

Definition: | (@) (7) = =

(m)1t+2) ()

It measures correlations in the intensity of the light, instead of
correlations in the electric field.




Random Phase Chaotic Light Source (Lorentzian)
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[computer simulation, from Quantum Theory of Light, by R. Loudon (2000)]



Gaussian Spectrum Chaotic Light Source

I(t) ~

i S |
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[computer simulation, from Quantum Theory of Light, by R. Loudon (2000)]
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