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Purpose:To developandtest1) fully digital µK-resolution ultrasonic thermometerfor non-invasivemeasurements of absorbed radiationdosein
water;2) rapidultrasonic 2D temperature mappingsystemfor precisecharacterization of radiation beamintensity profiles.

Method and Mater ials: Monitoring tiny phaseshifts of ultrasonic signals in water heatedby ionizing radiation allows assessing water
temperaturechanges at theµK level. Insteadof theanalog frequency-drivenPulsedPhase-LockedLoop (PPLL) used in theearlierwork to track
signal phase,the current systemrelies on fast digital phase algorithms that extractsignaldelay with resolution of 100ppband better.Another
ultrasonic systemwasbuilt to produce2D temperaturemapsin water. This system containsa 128-element,14”-diameter circulartransducerarray
operating in a tomographic fan-beam data acquisition mode.Thesystem acquirestemperature mapsin secondsandallows monitoring evolution
of thermal processes in time.

Results: The single-channeldigital ultrasonicthermometerdemonstrated resolution equivalentor better than analog PPLL-basedprototype at
overall lower noise level. The 2D temperature mapping system was constructed and went though a preliminary testing round. It monitored
evolution of temperature profile in thecylindrical tankevery3-4 secondsacquiring eachtime a 64-projectiondataset with 45 rays perprojection.
After extracting phaseinformation from theacoustic waveformsthesystemreconstructeda sequenceof phase shift imagesandconvertedthemto
temperaturemapsusingnewlydevelopedcalibration procedure.Themapswerecombinedinto moviesto watchtemperature evolution dynamics.

Conclusion: Thedigital high-resolution ultrasonic thermometerdemonstratedperformanceimprovement andwill replace its analogpredecessor
in theradiation-testing lab. The 2D ultrasonic temperaturemappingsystemwassuccessfully testedwith a light radiationheatingsource.We plan
to continue characterizing its spatial and temperature resolution and incorporate all findings into a next-generationprototype for ionizing
radiationtesting.
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