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Doppler Ultrasound Needs to Keep Up with Healthcare, But How?

Abstract: Although Doppler ultrasound has been widely used clinically, the current technology is known to lack
visual intuitiveness and is often erroneous. New ultrasound flow mapping solutions are needed to more effectively
diagnose a variety of medical problems that the aging population is prone to, such as atherosclerosis. In the decade
of 2010s, there is a major innovation drive in high-frame-rate (or ultrafast) ultrasound imaging that is
characterized by frame rates of over 1000 fps. New techniques such as vector flow imaging have become mature
over this period. Building upon this success, we have now entered the era of "High-Frame-Rate Ultrasound 2.0"
that makes use of time-resolved mapping to derive quantitative biomarkers that are directly linked to diseases.
One example is the development of wall shear mapping techniques for next-generation cardiovascular diagnostics.



Here, wall shear stress is measured as the flow velocity gradient tangential to the arterial wall by performing 1)
plane-wave data acquisition, 2) dynamic wall tracking, 3) vector flow estimation with near-wall velocity
regularization, and 4) spatial velocity gradient estimation. These solutions have been implemented in real-time
using open-platform ultrasound scanners and high-speed GPU computing platforms. With these imaging
innovations, it becomes possible to track complex cardiovascular flow phenomena and, in turn, derive
hemodynamic biomarkers that are important to atherosclerosis monitoring, such as wall shear stress.
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Laser Generation and Detection of GHz - sub-THz Surface, Surface Skimming and Bulk
Acoustic Waves in Cleaved Superlattices
Abstract: A long-term and continuous interest in coherent surface acoustic waves (SAWs) is due to their

well-known numerous applications in non-destructive testing and evaluation, sensing, scientific research as well
as in the information and communications technologies. One of the current goals in the advanced experiments on
SAWs is development of reliable laser-based techniques for their manipulation, i.e., generation and detection, in
the GHz frequency range and extension to sub-THz frequency range. The lasers with sub-picosecond to
femtosecond pulse duration are favorable for manipulations of SAWs up to the highest possible single-digit THz
frequencies because the spectra of their intensity envelopes contain the required frequencies for launching in the
material. These ultrashort laser pulses also provide potential opportunity to detect SAWs up to THz frequencies in
the time-domain by the pump-probe measurements of the transient optical response of the materials. However, for
the efficient monitoring of GHz-THz SAWs the laser radiation should also provide opportunity to monitor
corresponding high lateral (along the surface) wave vectors of SAWs. For laser radiation in the near UV -- visible
-- near IR this can be achieved by pumping and probing the material surfaces, which parameters are structured
with nanometers spatial periodicity.

Recently a platform of cleaved superlattices was suggested for laser-based SAWs and proof-of-concept
experiments were reported. In these studies, a reliable simultaneous monitoring of SAWs, surface skimming
transverse and longitudinal acoustic waves was demonstrated at frequencies ~40, ~50 and ~70 GHz, respectively.
In cleaved superlattices with ~4 times shorter period (~20 nm) the first ever monitoring of SAWs at sub-THz
frequencies (~0.16 THz) was achieved together with surface skimming transverse and longitudinal waves



frequencies up to ~0.2 and ~0.3 THz, respectively.

In this talk the theoretical backgrounds for the generation and detection of coherent acoustic waves in cleaved
superlattices will be presented.
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Photothermics of the IPPA.
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