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A head-mounted photoacoustic fiberscope for
hemodynamic imaging in mobile mice
Xiaoyan Zheng1 and Shuai Na1,2✉

Abstract
A miniaturized photoacoustic fiberscope has been developed, featuring a lateral resolution of 9 microns and a lightweight
design at 4.5 grams. Engineered to capture hemodynamic processes at single-blood-vessel resolution at a rate of 0.2 Hz,
this device represents an advancement in head-mounted tools for exploring intricate brain activities in mobile animals.

Blood transports oxygen and nutrients to the brain,
supporting energy production and ensuring optimal brain
function1,2. Monitoring cerebral oxygenation is essential in
preventing and treating related disorders3. Photoacoustic
imaging leverages hemoglobin’s (Hb’s) property of absorb-
ing electromagnetic waves and generating acoustic waves
via the photoacoustic effect, allowing for the quantification
of oxyhemoglobin and deoxyhemoglobin concentrations
based on their distinct absorption coefficients4–7. Yet,
applying existing photoacoustic microscopes is largely
restricted to sedated animals, while anesthesia can disrupt
normal brain metabolism and vascular function8. Minia-
turized single-photon and multi-photon microscopes have
recently emerged as pivotal technologies for recording
cortical neuron activities in mobile mice9–12. Nevertheless,
these modalities inadequately measure brain hemody-
namics and oxygenation levels. Although several miniatur-
ized photoacoustic probes have been reported, they lack
either a high spatiotemporal resolution or a superior sen-
sitivity, underscoring the need for further development13.
Addressing these limitations, the research team led by

Professors Guan Baiou and Long Jin at Jinan University has
unveiled an optical fiber-based photoacoustic microscope14.
The highlight of their invention, as illustrated in Fig. 1, is the
compact imaging probe, weighing merely 4.5 grams, which

encompasses two optical fibers for dual-wavelength photo-
acoustic excitation and detection. The excitation light,
comprising a 532 nm wavelength and a 558 nm stimulated
raman scattering wavelength, initiates photoacoustic waves.
These waves induce deformation of the detecting laser cavity,
causing the optical fiber propagation to exhibit birefringence.
Subsequently, two laser modes in orthogonal polarization
states undergo a frequency shift; the magnitude of change
remains identical, albeit with opposite signs. Finally, an
optical heterodyne interference technique is employed to
capture the signal output. Photoacoustic sensing has relied
predominantly on focused piezoelectric ultrasonic transdu-
cers, with inherent limitations in size, sensitivity, and field of
view15,16. The proposed probe utilizes an optical sensor to
convert acoustic displacement into a phase delay or intensity
variation of the laser beam, improving the sensitivity by two
orders of magnitude. Moreover, the widefield detection
strategy eliminates the necessity for maintaining confocal
between the excitation laser beam and the detection field,
simplifying the scanning process17.
The imaging probe was affixed to the mouse head,

allowing the visualization of blood vessels as the subject
transitioned from a state of anesthesia to wakefulness, as
displayed in Fig. 2a. Throughout this transition, the cer-
ebral arteries exhibited constriction and an increase in
oxygen saturation (sO2), indicating that the cerebral vas-
culature in awake mice increased oxygen transport to
counteract the effects of hypercapnia—a response that
was not observed in anesthetized mice. The probe was
also used to explore the oxygenation dynamics in a
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hypercapnia cycle, revealing similar trends in oxygen
saturation (Fig. 2b) and hemoglobin (Fig. 2c) levels across
both arteries and veins. Additionally, in exploring the
effect of hyperlipidemia on cerebral metabolism, mea-
surements of the blood vessel diameter, among other
parameters, indicated that obese mice exhibited a
diminished ability to adjust oxygen supply in response to
external stimuli. These experimental results aligned with
preceding medical literature and theories established by
benchtop photoacoustic microscopy14.

The developed photoacoustic fiberscope showcases
remarkable imaging capabilities; however, there is room for
further enhancement. The microscope achieves a lateral
resolution of 9 µm and a longitudinal resolution of 165 µm,
limitations of which are due in part to the acoustic impe-
dance mismatch between the optical fiber and the ambient
coupling medium. The imaging depth is additionally limited
by the relatively short wavelengths, which reduces the
penetration due to the more severe tissue scattering and
absorption. Adopting near-infrared wavelengths could
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Fig. 1 Schematic diagram of the head-mounted photoacoustic fiberscope
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Fig. 2 Experimental results of the hypercapnia challenge. a A freely moving mouse wearing the imaging probe; b sO2 changes in a hypercapnia-
normocapnia cycle; c The corresponding changes in Hb levels
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supporting energy production and ensuring optimal brain
function1,2. Monitoring cerebral oxygenation is essential in
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restricted to sedated animals, while anesthesia can disrupt
normal brain metabolism and vascular function8. Minia-
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namics and oxygenation levels. Although several miniatur-
ized photoacoustic probes have been reported, they lack
either a high spatiotemporal resolution or a superior sen-
sitivity, underscoring the need for further development13.
Addressing these limitations, the research team led by

Professors Guan Baiou and Long Jin at Jinan University has
unveiled an optical fiber-based photoacoustic microscope14.
The highlight of their invention, as illustrated in Fig. 1, is the
compact imaging probe, weighing merely 4.5 grams, which

encompasses two optical fibers for dual-wavelength photo-
acoustic excitation and detection. The excitation light,
comprising a 532 nm wavelength and a 558 nm stimulated
raman scattering wavelength, initiates photoacoustic waves.
These waves induce deformation of the detecting laser cavity,
causing the optical fiber propagation to exhibit birefringence.
Subsequently, two laser modes in orthogonal polarization
states undergo a frequency shift; the magnitude of change
remains identical, albeit with opposite signs. Finally, an
optical heterodyne interference technique is employed to
capture the signal output. Photoacoustic sensing has relied
predominantly on focused piezoelectric ultrasonic transdu-
cers, with inherent limitations in size, sensitivity, and field of
view15,16. The proposed probe utilizes an optical sensor to
convert acoustic displacement into a phase delay or intensity
variation of the laser beam, improving the sensitivity by two
orders of magnitude. Moreover, the widefield detection
strategy eliminates the necessity for maintaining confocal
between the excitation laser beam and the detection field,
simplifying the scanning process17.
The imaging probe was affixed to the mouse head,

allowing the visualization of blood vessels as the subject
transitioned from a state of anesthesia to wakefulness, as
displayed in Fig. 2a. Throughout this transition, the cer-
ebral arteries exhibited constriction and an increase in
oxygen saturation (sO2), indicating that the cerebral vas-
culature in awake mice increased oxygen transport to
counteract the effects of hypercapnia—a response that
was not observed in anesthetized mice. The probe was
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hypercapnia cycle, revealing similar trends in oxygen
saturation (Fig. 2b) and hemoglobin (Fig. 2c) levels across
both arteries and veins. Additionally, in exploring the
effect of hyperlipidemia on cerebral metabolism, mea-
surements of the blood vessel diameter, among other
parameters, indicated that obese mice exhibited a
diminished ability to adjust oxygen supply in response to
external stimuli. These experimental results aligned with
preceding medical literature and theories established by
benchtop photoacoustic microscopy14.

The developed photoacoustic fiberscope showcases
remarkable imaging capabilities; however, there is room for
further enhancement. The microscope achieves a lateral
resolution of 9 µm and a longitudinal resolution of 165 µm,
limitations of which are due in part to the acoustic impe-
dance mismatch between the optical fiber and the ambient
coupling medium. The imaging depth is additionally limited
by the relatively short wavelengths, which reduces the
penetration due to the more severe tissue scattering and
absorption. Adopting near-infrared wavelengths could
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Fig. 2 Experimental results of the hypercapnia challenge. a A freely moving mouse wearing the imaging probe; b sO2 changes in a hypercapnia-
normocapnia cycle; c The corresponding changes in Hb levels
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enhance the imaging depth, achieving penetration on the
scale of millimeters18. Overall, this device holds immense
potential for advancing disease monitoring and recovery
processes following major surgeries. Future upgrades are
expected to possibly integrate with other imaging techniques,
laying the groundwork for wide-ranging brain research.
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Light People: Professor Fanglin Bao and his
cover story
Ji Wang1✉

Editorial
Qu Yuan, a renowned ancient Chinese poet, once pondered in his work Heavenly Inquiry: “If the sun’s light is absent,
from where does the radiance of the Hero Flower emanate?” The ability to see clearly in the darkest of nights has long
been a sought-after magical power by humans. It holds not only immense technological significance for computer
vision and remote sensing but also profound implications for transcending the dichotomy between day and night in
our daily lives. Professor Fanglin Bao from Westlake University has made significant breakthroughs in this field,
bringing us closer to a world where we can transform night into day. His groundbreaking research on Heat-Assisted
Detection and Ranging (HADAR) and night vision was featured as the cover story in Nature on July 26, 2023.
For this issue of “Light People”, Professor Fanglin Bao will share his research journey and the captivating story
behind HADAR.

Short Bio: Fanglin Bao was born in Chun’an County,
Zhejiang Province. He graduated from Zhejiang University
in 2011 with a Bachelor’s degree in Physics and in 2016 with
a PhD in Optics. He visited the Chinese University of Hong
Kong in 2012, as an exchange scholar. He moved to Purdue
University in 2019, as a postdoctoral scholar. He then
became a research scientist at Purdue in 2021. He joined
Westlake University in Jan. 2024 as an assistant professor.
He proposed and demonstrated Heat-Assisted Detection
and Ranging (HADAR), where he explained and overcame
the ghosting effect in traditional thermal imaging. HADAR
was highlighted as a Nature cover article1 and was reported
by “Nature News & Views”, Science “News”, Nature
Photonics “News & Views”.
Q1: Could you provide an overview of your scientific

background and research experience?
What are your future research goals and aspirations?
A1: I got my Bachelor of Science in Physics and Doctor

of Philosophy in Optics, both from Zhejiang University.
During my PhD, I spent half a year in the Chinese Uni-
versity of Hong Kong as an exchange student. Before
joining Westlake, I was a research scientist at Purdue.
In my early career, I was interested in near-field quantum

optical effects, such as the Casimir effect and the Super-
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