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This note describes an attempt to detect gamma
rays of cosmic origin in the energy region appro-
priate to m' decay. Since m' mesons are produced
in nucleon-antinucleon annihilation, the existence
or nonexistence of a gamma-ray flux from certain
portions of the sky bears upon questions such as
possible collisions between galaxies and antigal-
axies' and cosmological models which postulate
matter and antimatter creation. ' New upper lim-
its are set on the creation rate and on the density
of interstellar antinucleons.

The existence of high-energy gamma rays in
the primary cosmic radiation was first investi-
gated by Schein, Jesse, and Wollan using G-M
tubes, '

by Hulsizer and Rossi using ionization

chambers, and by Critchfield, Ney, and Oleksa
using cloud chambers. ' These experiments set
an upper limit for the flux of the electron-photon
component above about 1 Bev at about 1 of the
primary cosmic-ray flux. G-M telescopes were
used by Perlow and Kissinger, e and more recently
by Danielson. ~ All of these experiments suffered
the disadvantages of either a high proportion of
locally-produced background or an energy sensi-
tivity which did not extend significantly into the
70-Mev region, and none had a directional sur-
vey of the sky as its purpose.

A cross section of the balloon-borne detector
that was used in the present experiment is shown
in Fig. 1. Incoming gamma rays, collimated by
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FIG. 1. Cross section of the
apparatus. The geometrical
figure for this telescope was
1.7 cm2 sr.
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the lead shield, produced electron pairs in either-
of two removable mercury radiators. The upper
radiator, when inserted in flight, was used to
measure the attenuation of the beam in order to
identify the measured flux as photons. The lower
radiator produced the pairs that were detected
by the scintillator -Cerenkov combination at the
bottom. A pulse corresponding to the traversal
of two minimum-ionizing particles in the cesium
iodide crystal was required in coincidence with
a pulse from the Lucite Cerenkov counter. The
pair detector was surrounded by an anticoinci-
dence scintillator inside the lead shield. This
anticoincidence requirement excluded incident
charged particles as well as electron pairs or
showers projected upwards from the detector.
In addition, a large anticoincidence scintillator
outside the lead shield was used to reduce the
background produced by cosmic-ray interactions
in that shield. The apparatus was rotated in
flight to various zenith angles in order to pour
the mercury in and out, to measure the zenith-
angle dependence of the gamma-ray intensity
and to measure the gamma-ray albedo.

The detection efficiency of the instrument was
estimated as a function of gamma-ray energy
from the known pair -production cross sections,
electron multiple-scattering expressions, etc.
This curve was combined with the experimentally
determined energy spectrum of pair-producing
gamma rays near the top of the atmosphere as
measured in the emulsion experiments of Carlson,
Hooper, and King, ' and of Svensson. ' The result
was an effective efficiency of about 0.17. This
efficiency differed by less than 10% with the sub-
stitution of the gamma-ray spectrum from low-
ener gy proton-antiproton annihilation. The ade-
quacy of the efficiency estimate was confirmed
and the angular response of the instrument was
measured in a m' decay gamma-ray beam at the
MIT synchrotron.

The detector was balloon-borne at 55' geomag-
netic latitude on July 1, 1960, for about one day of
which 12 hours were spent at 8.5 g cm ' atmos-
pheric depth. Evidence that gamma rays @vere

detected is as follows: The counting rate as a
function of atmospheric depth, shown in Fig. 2,
followed a transition curve having a maximum
near 180 g cm, entirely similar to that of the
electron-photon component. The ratio of the
counting rate with the upper mercury absorber
inserted to the rate with this absorber removed
was 0.40+ 0.07, while the expected ratio for pure
gamma-ray detection was 0.35. The gamma-ray
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FIG. 2. Gamma-ray intensity versus atmospheric
depth. (The axis of the detector was clamped at 30-
degree zenith angle throughout the ascent, hence the
15% correction to depth. ) The insert shows a linear
plot of the intensity for small atmospheric depths; the
units are the same for both graphs.

albedo flux was measured and found to be in agree-
ment with the results of the emulsion experiment
of Svensson, having a value of about half that of
the vertically downward gamma-ray flux at 14 g
cm '.

The gamma-ray intensity versus atmospheric
depth in the region 0 to 40 g cm ~ is shown in the
inset of Fig. 2. The four measurements with the
smallest indicated errors were taken at four ze-
nith angles while the balloon floated at 8.5 g cm 2.

Since the corresponding atmospheric depths are
small compared with any of the characteristic
interaction lengths involved, a linear extrapola-
tion to 0 g cm ' is justified. The extrapolated
intensity, determined by a least-squares fit, is
(1t 3) x10 ' cm sec i sr i and the correspond-
ing upper limit to the gamma-ray intensity inci-
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dent upon the top of the atmosphere, for a 95%
statistical confidence limit, is 7x10 ' cm ~ sec
sr '. This value must be regarded as an average
over the directions scanned, i.e., as a limit to
the essentially isotropic intensity from the north-
ern celestial hemisphere.

From a sidereal arrival direction analysis, the
incident flux from the direction of Cygnus-A, hav-
ing subtracted off the secondary flux, was found

to be (-2+7) x10~ cm 2 sec ~, with the corre-
sponding upper limit of 1.2 x10 ' cm ' sec ' for
a 95 /0 statistical confidence limit. A previous
upper limit, based upon the detection of one gam-
ma ray, was set at 5x10 ' cm ' sec ' by Brac-
cesi, Ceccarelli, and Salandin, "using emulsions.
This corresponds to an upper limit of 1.5x10 '
cm sec ~ for a 95% statistical confidence limit.
Estimates of the flux from Cygnus-A, based on a
galaxy-antigalaxy collision model, range from
Morrison's value of about 1 cm ' sec ' to Save-
doff's value, "which is yet three orders of mag-
nitude below the upper limit set by this experi-
ment.

Proton-antiproton annihilation taking place any-
where in the cone defined by the aperture of the
instrument could also contribute to a gamma-ray
intensity. The lifetime of an antiproton against
annihilation with interstellar protons can be taken
as r =[nv(o, c/v) j ', where n is the proton number
density, v is the relative velocity, and v= o, (c/v)
is the annihilation cross section, in which o, is
about 10 "cm'. This lifetime is much greater
than the time scale of the universe (1.4x10"
years) for proton densities appropriate to inter-
galactic space (n«10 cm '), and is much less
than the time scale of the universe for proton
densities appropriate to the galaxy (n» 10 ' cm ').
Within wide limits of proton densities, the annihi-
lation frequency would therefore be constant with-
in the galactic volume, so that the x;esulting anni-
hilation gamma-ray flux depends only upon the
geometrical shape of the galactic portion sub-
tended by the aperture of the detector. The anni-
hilation frequency, S, and the gamma-ray inten-
sity, J, are related by S=4wJ(mRf) ', where m
& 3 is the average number of gamma rays per
annihilation, R is the distance to the surface of
the galactic disk in the direction scanned, and f
is a geometrical factor which takes into account
the shape of the galaxy within the cone scanned.
For the direction perpendicular to the galactic
plane, R =5xl020 cm and f=1; for the direction
of the galactic anticenter, R =2 x10" cm and

f= 0.15.

During the time that the balloon was near max-
imum altitude the aperture of the instrument
scanned the galactic anticenter at certain known

times, but, due to a partial loss of azimuth in-
formation, it was not possible to separate all of
the data from the direction perpendicular to the
galactic plane. However, an upper limit for each
intensity can be established: The greater inten-
sity would come from the galactic anticenter, so
that a conservatively set upper limit results if
the value for the isotropic intensity is treated as
a value for the direction perpendicular to the
galactic plane. With J ~7x10 ' cm sec sr
this gives S ~6x10 cm ' sec a.s the upper
limit to the annihilation frequency for the portion
of the galaxy in the direction of the North Galactic
Pole. This limit is independent of knowledge of
the shape of the galaxy other than the perpendicu-
lar distance to the surface. An upper limit to the
gamma-ray intensity from the direction of the
galactic anticenter, for a 95 /o statistical confi-
dence limit, wa, s calculated to be 1.8x10 ' cm
sec ~ sr ~. This value of J gives S ~2.5x10 "
cm ' sec ' as the upper limit to the annihilation
frequency for the galactic anticenter.

The product of the annihilation frequency, S,
and the antiproton lifetime, v, is the correspond-
ing upper limit to the antiproton number density,
n. The result, which is a function of the proton
number density, can be expressed as n =S(v,cn) ~

~ (8x10 ')/n cm '. This upper limit to the inter-
stellar antiproton density is a factor of ten below
previous limits that assume n =1 cm '.'

The upper limit for the annihilation frequency
of antiprotons can also be taken to be an upper
limit for the creation rate of antiprotons. As
long as the antiproton lifetime within the galaxy
is short compared with the age of the galaxy,
which seems certain for any proton density in
excess of 10 cm, an equilibrium between
annihilation and any postulated long time-scale
production mechanism should be established.
The proton production rate has been required by
steady-state cosmology to be about 3 x10 cm 3

sec ', ' which is a factor of ten above the upper
limit of 2.5x10 cm 3 sec for antiproton anni-
hilation (or production) reported here. The value
of this required production rate in steady-state
theory, however, depends upon the experimental
determination of, e.g. , the average universal
mass density, which at present is uncertain and
may be as much as a factor of 10' below the value
of 10 ~ to 10 '9 g cm ' assumed earlier by cos-
mologists. "
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SELF-CONSISTENT CALCULATION OF THE MASS AND WIDTH OF THE J=1, T =1, wm RESONANCE
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The existence of a J= 1, T = 1 resonance in w71

scattering now seems to be very probable, though
there are still rather large uncertainties in its
position and width. ' From a theoretical point of
view, one may believe this resonance to be due
to the existence of an unstable vector meson, '
called p, or one may say the resonance is dy-
namical. ' If the p meson has an infinite bare
mass, there is essentially no difference in the
results of these two points of view. '&' The princi-
pal distinction between the two philosophies comes
from the fact that if the p meson is really a new

particle, its mass and coupling constant must be
thought of as new independent parameters which
can be chosen to be anything, while if the p is a
dynamical resonance, the mass and coupling con-
stant are determined by other parameters already
in the theory.

Within the "dynamical" philosophy, attempts have
been made to calculate the mass and coupling con-
stant of the p meson. '" These have not been en-
tirely successful; furthermore, the most complete
and careful attempt to do this, ' based on the Man-
delstam representation, involves the solution of a
very complicated set of coupled integral equations
on a computing machine, and is therefore not very
transparent. One qualitative feature which has
been emphasized by Chew and Mandelstam, ' how-
ever, is that the existence of the resonance seems
to follow from the operation of a "bootstrap mech-
anism, " in which the strong force between two pi-
ons in a I' state, which is needed to produce the

resonance, is provided by the exchange of a. pair
of resonating pions.

In this way, the basic underlying source of the
pion-pion interaction (which could, for example,
be the XP' interaction or a force produced by the
exchange of a strongly interacting S-wave pion
pair) does not seem to play a large quantitative
roke in the final results, but merely provides the
spark which sets the bootstrap off. One would,
therefore, expect to be able to obtain the p mes-
on.'s properties as the result of a seU-consistent
calculation with no parameters.

It is our purpose here to apply the bootstrap
mechanism in a very simple-minded and trivial
calculation, which yields quantitative values for
the p mass and coupling constant. The approxima-
tion is the following: a p meson, of mass mp and
coupled to the pion with a coupling constant ppzz,
is exchanged between two pions as shown in Fig. 1.

FIG. 1. The one p-meson exchange diagram.
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