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Gamma-Radiation from Fluorine Bombarded with Protons

In our recent work' on the gamma-radiation from
Li~+H' we have shown that the pairs ejected from thin
lead foils in a Wilson cloud chamber gave a more accurate
determination of the energy of very high energy gamma-
radiation than do the recoil electrons. The observed distri-
bution in energy of the pairs showed considerable asym-
metry and we concluded from this that the radiation con-
sisted of more than one line since a single line would be
expected to give rise to a nearly symmetrical distribution
in energy of the pairs.

We have verified this observation in the case of F"+H'.
The distributions in energy of pairs and single electrons and
positrons are shown in Fig. 1. It is seen that the pairs are
very nearly symmetrically distributed and they indicate a
single line at 6.0+0.2 Mev. The distribution of recoil
electrons is consistent with this and considerably broader as
is to be expected from the angular distribution of Compton
electrons as given by the Klein-Nishina formula and from
the greater uncertainties in the measurement of tracks of
large radius of curvature. The energy losses in the scatterers
although approximately twice as great for pairs as for
single particles are small compared to the uncertainty in

measurement.
Some of the data were obtained with lead foil as scatterer

and the remainder with aluminum foil. Alternate pictures
were taken with 1 cm lead absorber in and out of the beam.
Table I gives the number of pairs and single electrons
observed in each case.

From this we find

ppb=0. 4+0.1 cm I

(o-/m. )pb =0.8 and (o/~)A1= 3.0.
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FIG. 1. The distribution in energy of pairs (kinetic+2 mc ), single
electrons (kinetic) and single positrons (kinetic) ejected by the gamma-
radiation from F»+HI from thin scatterers of aluminum (0.10 cm) and
lead (0.013 cm). The number of secondaries from each scatterer is given
iII Table l.

TABLE I. Number of pairs and single electrons observed.

RECOIL
ELI&c-
TRONS
(Elec-

SINGLE SINGLE trons-
PAIRs EI.Ec- PosI- PosI-

)4.5 Mev (4,5 Mev TRoNS TRoNs trons)

Scatterer
0.10 cm Al (350 kv) 45
.013 cm Pb (160 kv) 98

0
10

197
167

12
38

185
129

Absorber
None

1 cm Pb
87
56

221
143

28
22

193
121

The differences are probably not significant since the
accuracy is not very great.

The gamma-radiation from F"+H' was first observed by
McMillan' by means of an ionization chamber. Tuve3 and
his collaborators have shown that the radiation is produced
at several resonance energies, namely; 0.328, 0.892 and
0.942 Mev. The measurements here presented were made
with a thick target bombarded with 0.75 Mev protons and
we are therefore concerned only with the resonance level at
0.328 Mev. The reaction F"+H'~Ne ' is exothermic by
13.3 Mev but no gamma-radiation corresponding to this
energy has been observed and we must assume therefore
that this transition is forbidden by some rigid selection rule.
Because of the sharpness of the resonance level, it seems
unlikely that it can disintegrate with appreciable prob-
ability to 0'6+He4, and we should like to ascribe the
gamma-radiation not to 0", but to Ne":

F"+H'~(Ne") '~(Ne' )"~o"+He'.f Y

Alpha-particles with approximately 2 Mev energy should
be produced but these have not yet been observed. Perhaps
the total energy of the reaction FI9+H'~Ne may be
emitted as gamma-radiation from one of the higher
resonance levels.
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The corresponding theoretical values for 6 Mev radiation
are

ppb =0.5 cm
(o-/x) pb =0.72,
( / )Al=4.5.
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