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Energies of electrons were calibrated by comparing them with thresholds for nuclear reactions in the
range from 12 to 17 MeV and from 27 to 29 MeV. Activity following photodisintegration was measured
by a scintillation spectrometer.

Oxygen-15 and phosphorus-30 produced in photoneutron reactions were detected by their 0.51
MeV annihilation gamma-rays. Oxygen-14 and aluminum-29 produced in the higher energy range
were detected by their characteristic gamma-rays of 2.3 and 1.2 MeV respectively, considering their half
lives according to those produced in (v, n) reactions.

Compared to the thresholds, the nominal energies were 0.05 to 0.25 MeV higher in the lower energy

range and 0.3 MeV higher in the higher energy range, where the nominal energies were determined

by the range measurement method using an ionization chamber in a water phantom.
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Table 1. Physical data for thresholds of nuclear reactions

Relevant feature Reaction
of (1) (2) (3) (4)
reaction 31P(y, n)*°P B0(y, n)*0O NP(y, 2p)*°Al B0y, 2n)"0O
Threshold energy 12.3 MeV 15.68 MeV 20.9 MeV 28.92 MeV
Breaks of activa- - 15.86 MeV 27.6 MeV -
tion curve 15.99
16.22
17.27
Disintegration p* Bt B p*
form
Half-life time 2.5 min 2.0 min 6.6 min 70.5 sec
Characteristic 0.51 MeV 0.51 MeV 1.28 MeV 2.3 MeV
gamma-rays (annahilation) (annahilation) (0.51 MeV) (0.51 MeV)
Probe material phosphorus water phosphorus water
Reference Anderson et al. ICRU Anderson. et al. ICRU
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Fig. 1. The yield of radioactivity from the *'P
(77, n) *P reaction, with a threshold energy

of 12,3 MeV.

Table 2. Measured values in the nominal energy compared to thresholds; (mean, )

Measured value

Threshold
(MeV) Reaction
12.3 (12.55, 0.05) (1)
15.68 (15.47, 0.02) ()
16.22 (16.27, 0.12)
27.6 (27.22, 0.27) (3)
28.92 (29.12, 0.45) 4)
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Fig. 2. The yield of radioactivity from the *O
(7, n) *O reaction, with a threshold energy
of 15.68 MeV and a break of activation cu-
rve of 16.22 MeV.
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Fig. 3. The yield of radioactivity frorn the P
(v, 2p) ®Al reaction, with a threshold ener-
gy of 20.9 MeV and a break of activation
curve of 27.6 MeV.
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Fig. 4. The yield of radioactivity from the O
(7, 2n) *O reaction, with a threshold energy
of 28.92 MeV.
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