Absorption Imaging
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Interpreting Images
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Questions

* What can you learn from these images?
* Simple answer: column density
* Extract many things from this

* Where did the light go?




Where did the light go?
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Standard formaliswm:
Classical EM field coupled to 2-level atom
(Assume you have all seen)

Here:
Imaginary part of photon self-energy




Photon-Atom
interaction
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Photon Green Function

(W = ck)Org — Xirg) Gg = Okq




Result
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Get same result if you just couple to 2-level atowm
and let upper level have finite lifetime
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Maximuwm cross-section
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Intermission




__required signal fo noise

Interpreting column
densities

Strategy 1:

Model trap and equation of state
- calculate column density
- compare with image

Strateqy 2:

Model trap and extract EQS independent quantities
- virial theorem

Strateqy 3:
Model trap and extract EOS




Hydrostatics

Assume locally Homogeneous

F(z)— F(z+0z2) = av pAdz
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F(z)=P(z) x A Result: Thomas-Fermi
u(z) = po — V(2)
Punchline:

local properties of inhomogeneous system given by homogeneous equation of state
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How good is
assumption?

Non-interacting fermions in 1D -- very small particle numbers
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Wiggles -- discreteness of particles
Scale as 1/N




Phase boundaries?

First order:  good to thickness of domain wall
(also need to model surface tension)
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Extracting density
from column density

(not practical -- signal to noise)
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Integrate to get “Axial Pensity”

Ditferentiate




Abel Transform

Assuwe cylindrical symwmetry
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Problem: Adds noise




Generic Problem

Given: Data set is convolved

F(r) = / i VA )

Measured Known Pesired

Example 1: K is aperture function of optics
Example 2: K is projection from 30 to 20

Given: Data is noisy
(And inverse transforwm increases noise)

How to extract {7




ldea: Model Noise
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Consider space of all f's standard deviation 1
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Maximum Entropy

Bayesian Principle:

If you don’t know anything, assume
everything is equally likely

Choose the f's which satisfy x> =N
and carry the least information

Maximize S=->)" f;log(fi/M) M=> f




