Detecting fusion-evaporation reaction
products from contrast agents as a range
verification technique in proton therapy
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Range Verification in Proton Therapy
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Using prompt Y -spectroscopy to measure range
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Approaches to Y -detection
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Cross-section (mbar)

Fusion-evaporation Reactions

BTe+pt — Y"Ru* +2n

Cross-section of *Tc fusion-evaporation
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Geant4

&R Physics List: G4RadiationPhysics

R Current runtime for 1% of typical fraction dose:
&R ~300 computing hours

R Using “SharcNet” to obtain higher statistic run.




Background Suppression

1 second of treatment at 10% concentration of *®Tc in the tumor, single gamma
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Simulated ¥ - Y spectra for *$Tc

1 second of treatment at 10% concentration of °8Tc in the tumor

80 : :
C 46 keV slice_py_of precGG
= 646 keV | Entries 60690
0E K18V, Mean 04317
C 699 keV RMS  0.09589
60 \
= \ backgrounc
501 X
- 777 keV
a0 A
30
20
10 || ‘ (b aly )
91 02 03 04 05 08 07 08 09 1 1.1

Energy (MeV)‘

Detector with near-perfect time
and energy resolution

o 500 — - -
@ — slice_py_of_smearedGG
= = . Entries 367562
w450 = self: Mean 0.4258
G = BMS 0.06538
& 400 concidence
£ E 193 keV s
=) — /. QQ-1,5. %7
=Z 350 ; Vs 699 ke'V
300 C + 777 keV
= + backg round
250 — hP:ill(
- 646 keV :
200 N
150 \(
100 ..........................
50
%.1 0.2 0.3 04 0.5 06 0.7 0.8 09 1

Energy (MeV)

LaBr;(Ce) detector



Simulated 7 -7 spectra for 1°’Au

1 second of treatment at 1% concentration of °/Au in the tumor.
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Simulated spectra for 1B

1 second of treatment at 1% concentration of 1°B in the tumor
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Beta-delayed gamma spectra

Plots of single gamma background for a time period of 0.1s. L. Carinci
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Simulated time-gated spectra for °°Ni
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Experimental Setup at TRIUMEF proton treatment

R Experiment proposal
M1780 approved at
TRIUMEF:
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Test different contrast
agents and concentrations

Compare to simulation

Determine expected SNR
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Geantd4d Simulation Results
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* Bragg Peak position and energy distribution determined using results of Geant4 simulation with 10 000 events.

* Channel intensity calculated by weighing theoretical cross section with number of protons in tumor



Range verification in Proton Therapy
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Proton Energy (MeV)

Geant4 Simulation Results
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