Focusing of light energy inside a scattering medium
using time-gated reflection eigenchannel
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Principle — two Important parameters

R =~ My + Mg,
where M; and My are constructed from EY and EX.

- interplay between My and My in determining v%.

1. average eigenvalue, (t7) and (%)

- the average intensities of the target and background multiple-scattered waves.
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- increased correlation among channels. [1]
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~ x8 enhanced energy delivery to the target!

Demonstration of enhanced light energy delivery through a rat skull
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Our Approach

detector

scattering

« Time-gated reflection eigenchannel medium

* Reflection geometry
* in scattering medium

« w/o labeling agent

wavefront

control
target

in vivo compatible! :
reflection geometry

First step: Time gating
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- This removes the multiple-scattered waves ER(t # t;),

. a few orders of magnitude stronger than Ex(t,) for a deeply embedded target.

Second step: Eigenchannel coupling

- find eigenchannels of R in order to maximize the total backscattering intensity set by R

- maximizing the total intensity — enhancing target energy delivery?
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Experimental Results

Setup for time-gated eigenchannel experiment
time-gating
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Construction of time-gated reflection matrix
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Direct evidence of the enhanced light energy delivery to the target
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Analytic Framework for
Understanding the Competing Processes
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Validity test with FDTD results
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Summary

- presented the first experimental coupling of light to the time-gated reflection eigenchannels
- demonstrated both theoretically and experimentally that this eigenchannel coupling
preferably enhances those multiple-scattered waves interacted with a target
- enhanced light energy delivery to a target deeply embedded in scattering medium
(more than x10)
- Developed analytic framework for understanding the preferable coupling

- non-invasive method: particularly important for /n vivo and in situ applications




