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How it works

Goal: Imaging specific elements in deep tissue
How: Use absorption processes for contrast generation at precise
location (focus a light beam)

@ Excitation: Send light on tissue

@ Detection: Detect fluorescence response

No scatter No scatter

Excitation

Fluorescence
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Main Problems
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Problem: Illuminating the desired target

Solution:
Use non-linear absorption process o

. . xcited &
(focus on multiphoton absorption) site
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Wirtual
states
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Main Advantages:

@ Better spatial concentration of e

excitation Ground ——
stata

@ photons combine their quantum Lingar Nonlingar
energy

o Low energy excitation (less damage,

less scatter)

Typically near-infrared 700-1000 Y

o High energy emission (visible range)

@ Reduce early layer excitation problem
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Problems: Scattering

@ Strengh of scattering is described by the mean free path /,:
average distance between scattering events.

Mean free path depends on

o wavelength (the biggest the more)
e tissue composition
For brain grey matter: /s = 50 — 100um at 630nm (red)
@ lllumination power in tissue (of non scattered -or ballistic-
photons)

—z/l.
Pball = Psurfacee ke

@ Fluorescence signal power (assuming same scattering)

—2z/ls\2 —2z/I
'Dball — Psurface(e /s) - Psurfacee /ls
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Problems: A fundamental limit

There is a fundemental limit in terms of depth.

1134um

Contrasts degrades as

@ more power is needed to i
reach deeper target ool

@ this power excites early
layers

1291um

1396um

10pm
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A classical set-up

Classical set up

xy scanner Beam size Intansity

@ Pulsed Laser source 5
. Scan 10ns 100fs
@ Intensity modulator lens |—| _|_ -
Tunable
@ Beam expander fger Time pussd
. {700—1,000 nmj
o Deflection module (for
scanning) e
lens Epicollaction
@ High NA objective .
@ Detection module / D
Dbiecn‘;-e Collection Ier':smT }
Specimg'l b . 2FEF
Condensor Transcollection —_
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Applications

Applications to neuroscience

Combined electrophysiology

@ Monitoring cell structure W
and function (after in-vivo N
labelling) Ly

@ Imaging cellular network i skl "
dynamics

(e.g. calcium indicators)

Chronic window

Water immersion
alOrIMMOTSION G erplass.

100 prr
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Thank you for your attention
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