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Purpose: To determine neutronspectra and ambientdoseequivalents(H*(10)) for out-of-field andin-field-out-of-range locations
arounda mini-phantomirradiatedby protonbeams.

Method and Materials: A dual-activation foil-based Bonnersphere(BS) andBS extension(BSE)systemwasusedto determinethe
neutron spectral fluence in conditionstypical for treatmentof pediatricpatientswith protonbeams. Protonbeamswith nominal
energiesof 120MeV and 180MeV weremodulated to generate in water 5.0-cm Spread-Out-Bragg-Peak(SOBP)/5.5-cm rangeand
15.0-cm SOBP/15.5cm range, respectively. Brassapertures wereplacedin the largesnoutat theendof thetreatmentnozzleto project
a 5x5 cm2 field at isocenter. Lucite blocks with a cross-sectionof 6x6 cm2 and thicknessesof 5.7cm and 14.7cm wereused for the
120- and 180-MeV beam irradiations, respectively. Neutron H*(10) wascalculated using thefluence-to-ambientdoseequivalent
coefficients from ICRU report 57.

Results:TheH*(10) was determinedat threelocationsaroundthemini-phantom: 25 cm from theisocenterperpendicularto thebeam
axis(L1), 25 cm from theisocenteralong theaxisdownstream(L3), and35.4cm from theisocenteralong45° downstream(L2). The
H*(10) for the180-MeV irradiation were 6.89, 4.07, and4.60mSv/Gy at L1, L2, andL3, respectively, and was6.18mSv/Gy at L1
whenthemini-phantomwas removed. For the 120-MeV irradiation,theH*(10) were1.21, 0.774, and0.919mSv/Gy at L1, L2, and
L3, respectively, andwas 1.06 mSv/Gy at L1whenthemini-phantomwasremoved.

Conclusion: Theneutronspectrum neartheisocenter hasa two-peakstructure,with peaksnear1 MeV for both energiesanda peak
near 110MeV for the180-MeV andnear80 MeV for the120-MeV proton irradiations. Neutronsbelow100keV contributelessthan
2% of theambientdose equivalent.
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