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related many-body forces, even without repulsive
cores, might account roughly for nuclear binding
energies and radii.
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the x+ production cross section at each angle when
integrated over pion energies can be represented by

dcT+

(8) =2+8 cos8+C cos'(),
dO

and the corresponding m production cross section by
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(f) An estimate can be made of the total production
cross section per carbon nucleus from the following
data:

(1) Leonard's 180' results' on charged-pion produc-
tionfromcarbon, whicharedo. +/dO= (1.7/+0. 40) X10 "
cm'/sterad; do. /dQ= (1.90&0.56) X10 " cm'/sterad;

(2) the preliminary results at 30' on m+ production
which show that the x+ peak occurs at a pion energy
T &55 Mev; and

(3),'the assumption that the angular dependence of

A STUDY has been made with nuclear emulsions of
the cross sections for production of positive and

negative pions from carbon at 0' and 90' to a 340-Mev
proton beam. For the 0' experiment and the 90' ~+
spectrum a uniform magnetic field was used. The 90' m

spectrum was obtained with the aid of a symmetric
heterogeneous magnetic 6eld of a 22-inch spiral orbit
spectrometer. The proton source was the external
electrically deflected beam of the 184-inch synchro-
cyclotron. From this study' the following conclusions
are drawn.

(a) The peak of the cross section for 7r production at
these laboratory angles occurs much earlier than the
corresponding peak for m+ production.

(b) The maximum pion energy cutoff for 7r produc-
tion is smaller than the corresponding pion energy
cutoG for ~+ production.

(c) The shapes of the 7r production spectrum
disagree with the previously reported spectrum shapes, '
particularly in the low-pion-energy region.

(d) In the low-energy region the ~+ spectrum shapes
when plotted against pion energy qualitatively resemble
the corresponding shapes in P+ decay.

(e) These spectra when integrated over the pion
energy give the following results per carbon nucleus:

(e) =A'+8' sinsg+C' cosg.
dQ

This estimate gives

or+= (7.6a0.7) X10 s cm

o.v = (0.55+0.09)X10 "cm'
~+/s.-= 14&4.

(g) The disagreements between previously published
data2 on m+ production at 90' can be resolved so that
all results on x+ production at this angle are in good
agreement for pion energies above 25 Mev.

(h) For the calculation of the vr production cross
section a more appropriate zero-prong correction that
is based on 4883 negative pions in clean C-2 Ilford
nuclear emulsions is 1.35.

(i) The spiral-orbit principle is especially suited
for the study of charged pion production at 90' to the
proton beam.
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HE natural radioactivity of rhenium' was char-
acterized by an aluminum absorption curve as

having an energy of some 43 kilovolts. We have had
occasion to attempt a better measurement of the
energy and have been surprised to find that the energy
is much lower than was originally deduced. In fact an
aluminum foil of only 270 micrograms per cm' transmits
less than 6 percent of the radiation, whereas the earlier
result corresponded to a half-thickness of about 400
micrograms per cm'. lt seems likely that the earlier
result was due either to a small amount of impurity or


