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Protoacoustic Range Verification Potential
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Data Collection: Hydrophone Positions

water tank hydrophone positions
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Protoacoustic Measurements

Water Tank Oscilloscope
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Characteristic Acoustic Signal

Time domain Frequency domain
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Data Collection: Precision
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Questions: c

1) Whatis the precision/reproducibility of the arrival time measurement?
- protoacoustic peak FWHM is ~13 us
- 1 ps error in measuring arrival time - 1.5 mm distance error
- In ultrasound: spatial resolution ~ A/2 = (c/v)/2 = (1487 m s'1 / 100 kHz)/2 = 7.4 mm

water tank hydrophone positions

-100+ -
¢
- - * £
£ 200 op - g
E 2
n —300 4 g
-400 4 .
-500- 700 T ]
D 20 1 1 1 1
-200 . 0 50 100 150
0 200 200 time (us)
y (mm)
X (mm)

Perelman

School of Medicine

UNIVERSITY 0f PENNSYLVANIA



Precision (reproducibility) of measurement
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* Arrival time is measured with a standard deviation of 1.2 mm (at high
SNR = 21).
 Given the ideal conditions (high SNR, homogeneous water medium),
this represents the “best case” precision for this system.
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Data Collection: Range Verification Error

Questions:

1) Whatis the precision/reproducibility of the arrival time measurement?

2) What is the range verification error?
- error=7r*c—1

water tank hydrophone positions
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Data Collection: Range Verification Error

Questions:
1) Whatis the precision/reproducibility of the arrival time measurement?

2) What is the range verification error?
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Data Collection: Range Verification Error

Questions:
1) Whatis the precision/reproducibility of the arrival time measurement?

2) What is the range verification error?
- error=7r*c—1
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Range verification error
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« Error in measuring the Bragg peak position from a single acoustic
measurement has a standard deviation of 2.0 mm.
« Calibration is necessary to account for systematic errors (S)

Perelman

School of Medicine
UNIVERSITY of PENNSYLVANIA

12



Required dose

Questions:
1) Whatis the precision/reproducibility of the arrival time measurement?
2) What is the range verification error?
3) What dose is required?
- The presented data was collected at SNR ~21 = dose of 20-120 Gy at Bragg peak
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Conclusions

¢ Proton pulses generated by a hospital-based, clinical
cyclotron induce the emission of measurable acoustic waves.

+ Acoustic monitoring is a potential proton range verification
technique with accuracy of 2 mm (standard deviation,
SNR=21) in water, but calibration is required to account for

systematic error.

* |[n water, 2 Gy of deposited dose will generate a protoacoustic

SNR of 5.3.
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