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treatment versus length of controls the r.b.e. values were about the same in
one and three weeks old at the time of irradiation. For thc ratjo acfual g
potential growth, r.b.e. values were higher for 3-ueek-old mice. In general,
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values dccreasc from about 4 at a dose of 250 rad neutrons to about 2 at a dose of 900 rad.

R.b.e. and eneÍgy spectta of d+ T neutrons as a function of
depth in a hurnan phantom
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Fast neutrols of various energies, including 1-5 MeV neutrons generated in the d+'l'
reaction are now applied at a numbcr of radiothcrapy ccntres in clinical trials to investigate
their usefulness.

'l'hc prcfèrcnce of one energy range instead of others is still a subject of discussion.
One of the intcrcsting characteristics in this evaluation is the possible variation in cíïectivc-
ness u'ith penctratir)n depth rcsulting from energy changes in the primary beam.

The degeneration of the r:riginal bcam with increasing depth was derived from energy-
fluence spectra measured with a proton-recoil scintillation spectrometer and from lincal
encrgy spectra measured with a tissue-equivalent proportional counter.

Thc r.b.c. of the d { T neutrons for survival ol cultured cells of human kidnc;, origin
was determined along thc central axis at different depths and outside the penumbra in a
phantom. No significant changes in r.b.e. for thc various positions were observcd. These
results are discussed in relation to the neutron spectrometq, data.
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For racliotherapeutic applications of fast-neutron beams, two aspects arc of primary
importancc, notably, the build-up of the dose belolr. the skin surface and the ceotral axis
depth-dose distribution- Thc skin reactions of patients irladiated lvith d +'f or d(17) + Be
neutrons àre comparable; howevcr, physical measurements of builcl-up characteristics
reported in the litcrature for these neutron beams shorv considcrablc diffcrcnces.

Build-up measurements \À,ere perfrrrmed with a thin-walled (1 0 mg/cm!) ionization
chanber for neutron beams produced by the d+'l', d(50)+Be and p(42)+Bc rcactions.
The chargcd-particle build-up curves are determined to a great extent by the experiment*l
mcasuring conditions. l\lleasurements carried out for normal radiotherapy situarions,
i.e., thc collimator opcning covered rvith a lead la1.er have sho$,n that the entÍance dose js

appÍoÍimately 60 per cent of thc dosc at naximrrm for all three neutron beams. However,
for the d(50) + Be and p(42) + lle ncutrons, thc maximum of thc build-up curvcs is reached
only at appÍoximate thicknesses of 7mm and 10 15 mm, respectively. This implics a
relatively lou,er dose to the subcutaneous tissue thdn for the d+'l'situÍrtion, where the
maximtrm is reachcd at 2 5 mm.

Ccntral axis dcpth-dose cur,'es havc becn obtained for d(50) + Be neuotrns at an SSD
of 129 cm, for p(42) + Be ncutrons at an SSD of 125 cm and for d + T ncutrons and 50Co

gàmma rays at an SSD of 80 cm; resulting in -50 pcr cent dnsc values at dcpths of 12'7,
13 5, 9-7 and 127cm, respectively, for app«rximate 6eld sizes of 1-5cmx20cm. The
p+Be reaction will provide the same Àdvantages as the d*Be reaction for comparable
energies of the bombarding paÍticl€s, although for the same current considerably lower
dose-rates are obtained wilh the frrst reactioll,




