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so that 6nally we choose

8~'= —(1/~)Zg '(f~) 2 "(fg)—Mg(fg) Ap)'(t, fi)dt .

This completes the proof.
On account of the results above regarding "final."

M-divergences, it will be found expedient to associate
basic momenta with nucleon rather with meson lines in
graphs belonging to any category Ln]. This choice wi11

remove all the signihcant divergences with a single
choice of basic variables.

The case of the meson self-energy has been treated
at length because it will serve as a prototype for
renormalization in other theories such as scalar electro-
dynamics, where both C and M parts are divergent and
it is not possible to make an unambiguous insertion of
5 parts in meson or photon lines.

The general rule for the separation of divergences
given in Sec. III will also apply to other theories such
as scalar electrodynamics; but the considerations given
in the remarks will not, because both C and M parts
are divergent in that theory, leading to overlaps of
considerably greater complexity. It is, in fact, in scalar
electrodynamics that the power of the general rule
formulated in Sec. III exhibits itself. General consider-
ations on that problem will be published shortly.

The author is deeply indebted to Mr. F. J. Dyson for
indicating the considerations of Sec. II in an extremely
helpful discussion, without which this work would not
have been possible, and to Dr. N. Kemmer for con-
tinual help and encouragement. The tenure of a
scholarship from the Education Department of the
Government of Punjab, Pakistan is gratefully ac-
knowledged.
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The emission of protons from the reaction N'4(a, p)O'~ was studied by photographic emulsion technique.
Two groups of protons were observed, of Q values of about —1.16 Mev and —2.0 Mev for 8 =3.6 Mev
and 4.2 Mev. The yield per million incident n-particles has been estimated at 0.348 and 0.409 for the two
resonance levels, 3.6 Mev and 4.2 Mev, respectively. The angular distribution of protons in the CM system
has a maximum at 8=90' for the two ground states, and, for the excited states, it is isotropic.

L INTRODUCTION

'HE reaction 0"(d,p)0" and the reaction
N'4(~, p)0" both lead to the formation of the

compound nucleus F"*.It is known' that the former
reaction yields two groups of protons. For E&=0.57S
Mev, which corresponds to an excitation of 8 Mev in
F"*, these two groups had Q-values of 1.75 Mev and
0.8 Mev, according to the observation of Pollard and
Davison. At this excitation, which is provided by
O,-particles of energy about 3.6 Mev, only one group of
protons has been observed in previous experiments for
the second reaction, although two groups might be
expected, unless forbidden by selection rule. The
presence of two groups of protons in the reaction
N'4(a, p)0" has, in fact, been demonstrated by Pollard
and Davison, ' but in this case, the energy of the
n-particles was about 5.2 Mev.

The purpose of the present experiment was to
investigate, by emulsion technique; (A) the group
structure of the protons, at low bombarding energies of
the a-particles, arising from the reaction N"(n, p)0";

' J. D. Cockroft and %. B. Lewis, Proc. Roy. Soc. (London)
A1N, 463 (1936). Guggenheimer, Heitler, and Povrell, Proc. Roy.
Soc. (London) A190, 196 (194'tt').

~ E. Pollard and Perry %'. Davison, Phys. Rev. 72, 'tI'36 (1947).
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4.2

No. of
protons

(I) 1986
(II) 245

(I) 2321
(II) 291

0 Ratio
R (Mev) (Mev) (11)/(I)

54.5 2.45 (a) —1.15~0.04 0,12
28.5 1.60 (b) —2.0 ~0.04

75 3.02 (a) —1.18~0.04 0.12
46.2 2.20 (b) —2.0 &0.04

(B) the yield of the process; and (C) the angular
distribution of the protons.

II. EXPERIMENTAL DETAILS

The a-particles from polonium were channeled
through a circular slit, the arrangement of which is
shown in Fig. 1. It consists of two circular brass disks

D, 6tted with guard rings E, cut at sharp angles. The
strength of the source is 1 mc deposited at one end of
a wire 5' and introduced into the slit through the guide
G which holds the source centrally between the two
disks. The position of the source 0 can be viewed
through holes II drilled at the center of each disk. The
two supports S and the guide channel G subtend an
equal angle at the center. This facilitated the calculation
of the solid angle through which O.-particles emerged.

TAmz I. Proton groups from N"(o.,p)O".
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FIG. 1. (a} Sectional diagram of the slit arrangement together
with the two plates I', one at the top, the other at the bottom of
the slit. (b) Top view of the slit, the position of the supports 5,
the guide channel G, and the central hole P being indicated.

The angular dispersion of the O.-beam calculated from
the geometry of the slit was about 1'. This spread
caused' a dispersion in energy of the O.-particles which

was negligible in comparison with the width of the
resonance levels investigated. The advantage of the
slit was that, with the use of the two plates at each
exposure, it permitted work with a low intensity source
without sacri6cing the yield. The location of the slit
after development was possible because the geometry
of the slit allowed O.-particles from the source to strike
the plates only through the central holes of the disks.

Ilford C2 50@, plates, 7 em&5.5 cm, were used for
the experiments and were exposed inside an airtight
camera fitted with a manometer. Preliminary exposures
were given in vacuum to study the e6ect of the slit and
of the blackening of the plates due to p-rays from the
source, and, as a result, the upper time limit of exposure
was fixed at 6 hours. However, in the 6nal experiments
an exposure of 2 hours was found sufhcient to give the
data required. The plates were developed by the
discrimination method' in order to distinguish protons
from any stray e-particles which might be present.

The measurement of angles was made by means of a
goniometer calibrated at an interval of 0.5'. The total
error in the measurement of angles, due partly to the
small angular spread of the incident e-particles and
partly to inaccuracy in measuring, was estimated to
be less than 2'.

' M. Mortier and L. Vermaesen, Centre de Physique Nucldaire,
University Libre de Sruxelles, Note No. 5 {December, 1948).

60

~20-

~ 80-

60-

40

20

(cj
0 I I I I I I I I I I

0' 60' 90 120 150' 180'
Angfea
inst System

FIG. 2. (a) Angular distribution of the protons for the resonance
level E =4.2 Mev and Q= —1.18 Mev. The distribution shows
a maximum at 8=90'. (b) Distribution of the protons for the
resonance level E =3.6 Mev and Q= —1.15 Mev. The maximum
of the curve is at 8=90'.
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III. RESULTS

(A) Structure of the Proton Groups

After measuring the coordinates, ranges, and angles
of protons, it was found that there were altogether
four groups of protons present; two for E =4.2 Mev
and two for E =3.6 Mev. Protons originating from a
disintegration must travel a certain distance in nitrogen
before they strike the surface of the emulsion. This
distance depends on the angle at which they are ejected
with respect to the incident O.-particles. In estimating
the protons range this was taken into account. Table I
gives the results.

It can be seen from Column 5 that the Q-value
obtained for the ground state transition (a) is in
agreement with the value —1.16 Mev derived from
the mass data. The shorter range proton group from
the excited state transition (b) gives a Q-value of
—2.0 Mev for both the resonance levels. The ratio of
the number of protons for the excited state and for the
ground state is shown in the last column. The range
of protons in micron is noted in Column 3 and its
corresponding energy in Column 4.

(B) Yield of the Process

An estimate was made of the yield of protons per
million incident n-particles for the two resonance levels.
In order to calculate the yield, one must know how

many protons are emitted for a given number of
incident particles. The number of Ot-particles emerging
from the slit during the course of the exposure was
determined from the geometry of the slit and the
strength of the source. Most of the disintegration
protons were recorded, but some escaped through the

gap between the two photographic plates. The number
of these unrecorded protons was calculated according

I j

E„=3.6 Metr
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to the method given in the Appendix. For E =3.6 Mev,
the yield of protons for the ground and excited state
transitions is 0.31 and 0.038, and for E =4.2 Mev it is
0.364 and 0.045.

re +a

(a)

(C) Angular Distribution

The angular distribution of protons for E =3.6 Mev
and 4.2 Mev has been plotted in Figs. 2(a) and 2(b),
respectively.

Both curves show a maximum at 8=90' in the
CM system. Figure 2(b) confirms the earlier observation
of Champion and Roy, 4 who studied the angular
distribution of protons from the reaction ¹'(n,p)O'"
for E„=3.6 Mev by the cloud-chamber method. The
experimental curves for the two ground state distribu-
tions can be fitted by the expression 1—cos'8 (given in
dotted lines).

Figures 3(a) and 3(b) illustrate the angular distribu-
tion of protons for the two excited states. No preferred
direction in the emission of protons is evident. The
curves are isotropic.

FIG. 4. Geometrical condi-
tions of the experiment.
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Fxo. 3. Distributions for the two excited states, E~=4.2 Mev
and 8~~3.6 Mev, which are isotropic.

' F. C. Cham ion and R. R. Roy, Proc. Roy. Soc. (London)
A191, 269 (1947 .

IV. CONCLUSIONS

The experimental results show the presence of two
groups of protons for each resonance energy, 3.6 Mev
and 4.2 Mev, corresponding to Q-values of about —1.16
Mev and —2.0 Mev. The diGerence between the
Q-values, 0.84 Mev, reveals the presence of an excited
level in 0".This is approximately the value obtained
from the reaction 0"(d,p)O" for the groups of protons
at an excitation. of 8 Mev above the ground state of the
compound nucleus F"~. The ratio of the number of
protons from the two states is 0.12, which is smaller
than the value 0.3 obtained by Pollard and Davison
for the same reaction but with a higher incident energy
of the O.-particles. This diGerence might be explained
by assuming that the yield from the excited state
increases with increasing energy of incidence. The

angular distribution of the ground state groups suggests
that the probable value for the angular momentum is
unity. It would seem that the I'-wave is involved in
this disintegration process.

The author would like to express his thanks to
Professor Max Cosyns for discussions on the design
and construction of the slit and for his constant en-
couragement and interest in the progress of the experi-
ment. He is also grateful to the other members of the
staG of the Centre de Physique Nuclhaire for their ever
willing assistance in the course of the work.

APPENDIX

Method of Calculating the Total Number
of Protons

Let r be the range of a proton ejected at an angle 8 with the
direction of incidence OZ. The protons will lie on a circle of
latitude of the sphere, center 0 (the point where the disintegration
occurs) and radius r. The vertical section can then be represented
as in Fig. 4(a). All protons will be distributed on the circumference
of the horizontal circle of latitude t Fig. 4(b) j, which has a radius
r sin8. In Fig. 4(b), O'X is any reference line drawn in the plane,
and the point P on the circumference is specified by the angle p
made by PO'X. It is assumed that the intensity is independent
of p. If the total of the disintegrated protons be X, the number
per unit angle of p will be S/2~. Conversely, if we know the
number of disintegrated particles over some definite range of p,
for instance P, then the total over the whole range will be

(2x/P) )Cno. of disintegrated particles in range P. (I)
If 2d be the distance between the two plates, the particles whose
paths end within the range of 2d are not recorded. The horizontal
section in the plane of latitude is then represented as in Fig. 4(c).
It can be seen from the figure that the particles are recorded for a
range of p which is 4a radians; those not recorded are of (2x —4a)
radians. From the figure, we see that

cosa =d/r sin8. (II)
Therefore, if, in (I),e be the number of particles recorded from the
experiment, the total number present was 2'/4a, where e is
given by (II).


