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TABLE I. Integrated cross sections.

Element

Integrated a (Mev-barns)
Sgm ruie limit

(v.&) g=0

Mg"
Sj2s
S
Ca

0.16
0.27
0.32
0.44

0.057
0.070
0.069
0.065

0.36
0.42
0.48
0.60

T is well known that the cross sections for the (y,e)
~ - reactions in heavy elements agree well with the
predictions of the sum rule. For light elements the cross
sections are considerably lower than the sum rule limit.
In the latter case a contribution from (y,p) reactions is
expected. Recent calculations by Morinaga' on the
proton-to-neutron yield ratios indicate that the emission
of protons is the predominant mode of decay for nuclei
of the type A =4m. However, little is known about the
cross sections for (y,p) reactions. In order to get more
experimental data, the proton yields for Mg, Si, S,
and Ca were determined. The measurements were
made relative to Al, the yield of which is known.

Thin foils (30 mgicm') of the elements in question
were exposed to the collimated beam from the Uni-

versity of Lund synchrotron. The maximum brems-
strahlung energy was 28 Mev. The foils were mounted
in 3;n evacuated nuclear plate camera and given the
same dose of radiation. The number of proton tracks
in a certain part of the plates was determined for the
6ve elements. The number of background tracks was
determined and subtracted. No attempt was made to
distinguish protons from deuterons. However, the
number of deuterons must be small, since most of them
are absorbed in the target. The protons from the

(p,re) reaction are of fairly low energy and are also
absorbed in the target to a great extent. Hence the
photoproton yields determined are essentially due to
the (y,p) reaction.

%ith certain simplifying assumptions the integrated
cross sections can be calculated from the yield values.
Let us assume that the shape and position of the cross-

section curves of the elements investigated are similar.

By using the value reported by Halpern and Mann' for
the integrated cross section of Al, the cross sections of
the other elements were calculated. It is true that the

range of error of this procedure is fairly wide but since

the maximum bremsstrahlung energy is well above the

resonances, the error will probably have no appreciable
inhuence on the validity of the conclusions drawn.
Table I shows the values calculated in this way. For

Mg and Si the contributions by the less abundant
isotopes was subtracted, using the values reported by
Katz et al.' Table I also contains the (y,e) integrated
cross sections4 and the sum rule limit with x=0.

It is clear from the table that proton emission is the
predominant mode of decay. A comparison with the
theoretical values of Morinaga shows a good agree-
ment, the experimental values being about 20 percent
lower than the theoretical. Considering the experimental
errors and the simplifications in the theoretical calcu-
lations, this agreement must be considered satisfactory.
Since the calculations are based on the corn.pound
nucleus model, this agreement is an indication of the
validity of this model. The sum of the proton and neu-
tron cross sections gives a value for the photonuclear
dipole absorption coming close to the sum rule limit.
Addition of the (y,2n), (y, d), (y,ep), (y,n), and (y,y)
cross sections will increase the absorption cross section
still more, probably above the sum rule limit for x=0.
This experiment thus suggests the conclusion that the
sum rule is valid also for the lighter elements.

The author is greatly indebted to Mr. H. Morinaga
for making his calculations available prior to publica-
tion. The assistance of Mr. B. Forkman is gratefully
acknowledged.
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' PRELIMINARY measurements of the angular dis-

tribution of elastic p-p scattering have been made
at incident proton energies of 440, 590, 800, and 1000
Mev. The circulating beam of the Cosmotron struck
a 4 in. x~ in. )&0.514 in. CH2 target placed inside a
straight section. The two recoil protons passed through
thin aluminum walls of the vacuum chamber and were

detected in two scintillation counter telescopes as indi-

cated schematically in Fig. 1. Elastic p-p events were

selected by requiring coincidence of the two telescopes
when set at proper kinematic angles and with appropri-
ate time delay. A typical plot of coincidence counting
rate es telescope angle is shown in Fig. 1.The scattering

angle was defined to &4' by a —,'-in. square counter at
57-in. distance in the small-angle telescope, with a
3 in. )&4 in. counter in the large-angle telescope. The


