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Patient Positioning is Critical

Treatment Planning based upon x-ray CT (“CAT scan”)
- images reconstructed in absolute coordinates
- acquired days/weeks prior to treatment, repeated 

infrequently
Modality Coordinates Physical interpretation cost / mass / scan time
X-ray CT absolute 𝜌, “density” $$$, 1 ton, seconds
MRI quasi-absolute H density + relaxation times $$$, 1 ton, minutes
PET absolute (low res.) 511 keV emissions $$$, 1 ton, many minutes
ultrasound relative to soundspeed Z, acoustic impedance $, 3 lbs, seconds
thermoacoustic relative to soundspeed induced pressure = Γ𝜌 dose $, 4 lbs, seconds
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Patient Positioning Systems (PPS) use “room coordinates”absolute coordinates
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4 pC single-turn

Thermoacoustic Signal Generation

Positive (compression) followed by weak negative (rarefaction)4 pC over 2 μs @ 10 MHz 

DuHamel says
Obey stress confinement: Build up 
pressure faster than it runs away

49 MeV: 4 pC instantaneously

 ா  instantaneous depositionΓ ~ 0.1 in water, 0.2 in muscle and organ, 0.7 in fat

2 μs



Thermoacoustics History
Emissions detected in fluids (in late 70’s) : Sulak et al,  

Askariyan, et al

Emissions detected in patients (mid ‘90s) : Hayakawa, et al

Recent resurgence (2013 – present) : Parodi, Jones/Avery, SKP
However, until recently primary criticism was errors (absolute) 
induced by soundspeed inhomogeneity. 

Synchrocyclotron pulse durations 
Mevion@WUSTL;  

(IBA S2C2 @ Newport) 
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Spatial variations deform US; shift thermoacoustic
Benchtop Prep with “visible” acoustic source + acoustic scatterers 

82 mm 
depth



Spatial variations deform US; shift thermoacoustic
ATLAS without scatterers, zpeak = (-11.6, 121.8)

with       scatterers, zpeak = (- 8.8, 118.1)



Conclusions
- Thermoacoustic range verification is robust to acoustic  

heterogeneity relative to ultrasound image
- CT-ultrasound co-registration is a solved problem, 

sold by most major vendors
- preliminary measurements w/IBA S2C2 encouraging, but 

lots of work still to do

W/ J. Lambert, Rutherford Cancer Center Newport
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