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Applications of two-photon spectroscopy

Fluorescence imaging Precision spectroscopy
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Quick review of frequency combs
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» Long train of identical pulses — many evenly spaced CW
lasers
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Quick review of frequency combs
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» Long train of identical pulses — many evenly spaced CW
lasers

» Pulse-to-pulse phase offset — all comb lines shifted by equal
amount
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Principle — One-photon dual-comb spectroscopy

One-photon
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P » Two combs with

different repetition
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Principle — One-photon dual-comb spectroscopy

One-photon

spectra
P » Two combs with

different repetition
rates combined
» Unique RF beat notes

produced at each
optical frequency
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Principle — One-photon dual-comb spectroscopy

Comb 2 Comb 1

One-photon

spectra
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» Two combs with
different repetition
rates combined

> Unique RF beat notes
produced at each
optical frequency

» Molecular transitions
modulated with RF
beat note
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Principle — One-photon dual-comb spectroscopy

One-photon

spectra
P » Two combs with

different repetition
rates combined
» Unique RF beat notes

produced at each
optical frequency

Intensity

» Molecular transitions
nAf +Af0 fRF modulated with RF
r beat note

Comb 2 Comb 1

nAf +Af |9)
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Principle — Two-photon dual-comb spectroscopy

Comb 2 Comb 1

One-photon
spectra
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Principle — Two-photon dual-comb spectroscopy

Comb 2 Comb 1

One-photon
spectra
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» Two-photon
transitions excited
directly or through
intermediate state
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Principle — Two-photon dual-comb spectroscopy

One-photon Two-photon

spectra spectra
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Principle — Two-photon dual-comb spectroscopy

One-photon Two-photon
spectra spectra
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Principle — Two-photon dual-comb spectroscopy

One-photon Two-photon
spectra spectra
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Principle — Two-photon dual-comb spectroscopy

One-photon Two-photon
spectra spectra
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Principle — Two-photon dual-comb spectroscopy
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Principle — Two-photon dual-comb spectroscopy

One-photon Two-photon
spectra spectra
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Experimental setup

Er comb 1

Er amp.

Er comb 2

Er amp.

Photodiode &2
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Two-laser adaptive sampling scheme

> frr = nAf, + k Afy distorted by
fluctuations in f, and fy

» Correct by measuring 4 beatnotes
with 2 CW lasers

» Afy correction: adjust phase by
(a+ k) — f2) —a(fs — fa)

> a - arbitrary real number
> k - net photons absorbed

» Af, correction: scale sampling rate
by (fi — ) — (B — fa)

» Corrections can be done in
hardware (arxiv:1201.4177v2) or
software (Deschénes et al. Opt. Express
18, p. 23358-23370 (2010))
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Experimental setup

Er comb 1

Er amp.
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Experimental setup
Er comb 1 Er amp.
I

Er comb 2 Er amp.

cw laser 1
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X Optical beat detection @) Frequency mixer [N] Beamsplitter
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Resolution: 2 THz, Acquisition time: 500 ps

> Spectrum distinguishes between dye samples
» Fast acquisition time
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Rubidium level structure
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Normalized intensity

Rubidium spectrum - Doppler limited

55% - 5P%
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Rubidium spectrum - Doppler limited
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Rubidium spectrum - Doppler limited

Normalized intensity
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Normalized intensity

Rubidium spectrum - Doppler limited
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Experimental setup — Doppler-free spectroscopy
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Experimental setup — Doppler-free spectroscopy

Fully-stab.
self-ref.

Phase lock

=L B -—L

PL_LI ™ Fezo) Er comb 1\ @
(sHe}

——=>—Er comb

X Optical beat detection (X) Frequency mber [N\ Beamsplitter

Dual-Comb Spectroscopy with Two-Photon Excitation

Samuel Meek



Rubidium spectrum — Doppler-free
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Resolution: 8 MHz, Acquisition time: 52 s

> Interleaving necessary to achieve sub-100 MHz resolution
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Conclusions

» Two-photon excitations useful for fluorescence microscopy and
precision spectroscopy

» Fast measurement times of dual-comb spectroscopy enable
spectrally-resolved fluorescence microscopy

» Dual-comb technique enables precision Doppler-free
broadband spectroscopy on complex systems
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