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Advantage of CARS imaging

* Intrinsic vibrational contrast, label-free imaging.
* Coherent signal accumulation, high-speed imaging.

* 3D sectioning capability.

* Near-infrared excitation, allowing deep penetration.
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(vi) Monitoring lipid

droplet trafficking

Labeling cytoskeletal proteins, in
conjunction with CARS, enables
tracking of lipid droplets’ movements.

(v) Tissue imaging
Simultaneous imaging of
fluorescence, CARS and
SHG provides structural
information regarding
mammalian tissues.

\W ';ﬂ§ ) E’ CARS microscopy.
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CARS spectral features
provide contrast to visualize
\-© localization of biomolecules.

(iv) Capturing lipid metabolism

The effect of small molecules

(for example, metals and inhibitors)

Q ~ (: and cellular processes (for example,
\ i) ) adipocyte differentation and

steatosis) can be imaged with

CARS tissue imaging
of fresh mouse skin

https:/ /bernstein.harvard.ed
u/research/cars-why.htm
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Multiplex/Broadband vs Narrowband CARS

» Narrowband CARS
© High speed~6.4 us

@ Narrowband p

How to achieve broadband and high-speed CARS
microscopy simultaneously?

® Low speed~3.5 ms

» Broadband CARS  =zgf===j=-
© Broadband range oll oo,
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Phase-controlled pulse for CARS excitation il
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Spectral focusing CARS

€ Two broadband femtosecond pulses
€ Same chirp

© High sensitivity :
Concentrate most of the optical
power into a single molecular

vibration ‘
>

© Broadband detection: time-delay D. Fu, et al. J. Phy. Chem. B. 2013

2827.45 cm-1

Aw

Scanning delay-time can excite
different molecular vibrations ) remtosecond pulses

© High resolution: pump
Flexible and precise control of A
Linear mapping between delay Stokes
time and IFD /
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Spectral focusing CARS
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From mechanical scanning to optical scanning

€ Mechanical motion
I N
Scanning speed slow fast
Scanning stability low high
Enable dynamics analysis limited yes
Combl 4ep — T A,
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Dual-comb asynchronous optical sampling
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Principle of phase-controlled dual-comb CARS

€ Dual-comb asynchronous optical sampling
->motionless configuration
->High speed scanning

Yb-dope fiber

et A A A A

100 MHz

Yb-dope fiber 4 | |
Comb2 /+Af Jl A A A
100 MHz-1kHz
€ Phase-controlled dual-comb

->Same chirp
-> Spectral focusing CARS excitation
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Dual-comb CARS experimental system

The amount of Chirp: 52000 fs?
Chirp parameter: 3.03 X 10 fs2
Pump pulse: (43 fs) 4.01 ps

Stokes pulse: (79 fs) 2.21 ps
Trigger
Mirror -ttt

Periscope

Yb-doped fiber
com D

HWP PBS HWP Collimator PCF Collimator
Stokes: 1260nm

K. Chen, T. Wu, T. Chen, HY. Wei and et al, Optics Letters, 42(18), 2017
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Dual-comb CARS experimental system T
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Comb 1: frep~100 MHz+100kHz
center wavelength ~1050 nm

Frequency pulse width ~65 fs
standard source

Comb 2: frep~100 MHz+100kHz
center wavelength ~1060 nm

Rubidium atomic clock pulse width ~43 fs
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Dual-comb CARS experimental system

€ Generation of Stokes Beam
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Dual-comb CARS experimental system i

€ Data acquisition and processing
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Dual-comb CARS microscopy

€ High-speed broadband CARS microscopy

CARS 3D imaging for mixture of
B-carotene and retinoic acid (RA)

* Imaging size:

100 pm X 100 pmX 20 um
* Pixel size:

lpm X 1 pmX 1 pm

* Spectral span:1100-1700 cm!

o i 4
o |
¥ | "I

e Spectral measurement time: 0.5 ms
* Spectral resolution: 12 cm!
* Pixel refresh rate: 1200 Hz

* Imaging speed: 8.3 s/frame
retinoic acid(RA) @ 1560 cm™
B—carotene @ 1520 cm™

TSINGHUA
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Dual-comb CARS microscopy

€ High-speed broadband CARS microscopy

1,161 cm™
X-y, Z=6

CARS 3D imaging for
mixture of B-carotene and p

retinoic acid (RA)

* Imaging size:

100 yum X 100 pmX 21 pm
* Pixel size:

lum X 1 umX 1 pm

1,100 1,200 1,300 1,400 1,500 1,600 1,700
Raman shift (cm™'
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Performance of spectral focusing dual-comb CARS microscopy ||
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Performance of spectral focusing dual-comb CARS microscopy

Experiment results
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Conclusion il

The proposed dual-comb CARS technique enables high speed and broadband measuremenv‘t"w

€ Advantages
© High-speed and Multiplex nature

© Motionless and Synchronization-free

© The SNR of CARS spectrum is not significantly decreased when increase refresh rate

© Refresh rate (8£) is proportional to the square of repetition frequency (£)
——1GHz combs may achieve up to hundreds of kHz refresh rate

while the resolution and SNR remain the same in theory
€ Disadvantages
® Low duty cycle ~6x104

@ Low pulse energy utilization
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