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F1G. 1. Rate of decay of annihilation radiation in CCl2F2 (open circ_les)
and in Oz (full circles). The pressure scales are adjusted so that the abscissa
corresponds to the same electron density in both gases.

trons, the delayed annihilation radiation in Freon at moderately
high pressure seems to be due entirely to ortho-positronium. Its
decay rate should depend somewhat on gas pressure p so that
A=2X¢+ap. The pressure proportional term represents annihilation
in collisions with Freon or impurity molecules.

The method used to measure the decay rate was the same as in
the previous communication.* Figure 1 shows the results as a
function of gas pressure. The straight line represents the equation
A=6.8X1084+0.3X 10%p. The value \o=6.8X 108 sec™? for the rate
of three-quantum decay, obtained by extrapolating the line to
zero pressure, should be good to ten percent. The coefficient
a=0.3X108 sec™! atmos™ is rather uncertain. In any case, a is
small, in agreement with calculations of Ore concerning the great
stability of positronium against collisions in most gases. The
point in Fig. 1 at 0.1 atmosphere which does not fall on the straight
line is included to show the effect of free positrons at low pressures.

For comparison, Fig. 1 also shows the decay rate of annihilation
radiation in oxygen as a function of pressure. In this gas, at pres-
sures above about 0.5 atmosphere all positronium is converted
to the para state so rapidly that substantially all delayed annihila-
tion radiation is due to free positrons decaying in collisions. The
rate of decay is, therefore, directly proportional to gas density as
shown in Fig. 1. A more detailed discussion of both curves will
be given in a later communication.

We wish to thank Professor H. Primakoff for valuable dis-
cussions.

* Supported in part by the joint program of the AEC and ONR.
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A Tentative Interpretation of the Second Maximum
in the Transition Curve for Cosmic-Ray Showers

Tsar-Cuty
Observatoire du Pic du Midi, Bagnéres-de-Bigerre, France
(Received June 13, 1951)

HE experimental results on the second maximum still remain
in controversy. Bothe ef al.%? have repeatedly reported the
second maximum in the transition curve at 15-cm Pb. While
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others found a small hump not necessarily at the same place or
even nothing at all, formerly Clay,® and recently Kameda and
Miura,* Fenyves and Haiman,? and Chaudhary® confirmed its
existence. The explanation probably lies in the interpretation of this
phenomenon, and the discrepancy in experimental results arises
possibly from the differences in the arrangement of counters® or
in the sensitivity of counters to low energy photons.

The nature of primary and secondary particles of the narrow
showers responsible for the second maximum remains unknown.
Schmeiser and Bothe? found that the second maximum is more
prominent in the basement than under the roof. Absorption
measurements’ on the secondary particles produced in 1.5 cm Pb
as well as in 15 cm Pb show that their coefficients of absorption
are much smaller than those of electrons; the particles from
1.5 cm Pb are even more penetrating. In adjacent absorbers these
penetrating particles produce further soft showers, the so-called
Zusatzstraklung.® Bothe! considered the narrow showers as the
production of mesons by mesons, a new process not yet definitely
confirmed by other experiments. In a sub-basement under about
60 cm concrete and with 15 cm Pb above a cloud chamber, Shutt?
observed many showers containing two penetrating particles
making an angle around 6 degrees, the frequency being 1 shower
for every 4000 single penetrating particles; Janossy!® gave 1 in
12,000. The frequency of a meson accompanying a knock-on
electron, which constitutes essentially the background of the
transition curve, is 6.9 per 100 mesons! near sea level. Therefore,
in a cloud chamber the knock-on phenomenon is at least 280 times
more frequent than a penetrating pair originating from the lead
above it. The selection by counters due to absorption and arrange-
ments reduces the knock-on electrons, but a maximum as large
as 35 percent (curve C?)—that means the frequency of pene-
trating showers is increased about one hundred times by counters
—can never be expected due to penetrating showers. Furthermore,
a small maximum probably exists in the transition curve (curve d?)
for non-ionizing primaries; about 65 percent of narrow showers
from 1.5-cm Pb are produced by non-ionizing primaries® and 25
percent from 15-cm Pb;? these facts quickly rule out the meson
as the primary.

Kameda and Miura! proposed nucleons as primaries. Small
angle showers are less penetrating, according to theory and experi-
ment, but frequency considerations still render this proposal im-
possible. The nucleon intensity decreases much faster than the
knock-on electrons in the underground, while the secondary
mesons are not shower-producing. Transition curves for pene-
trating showers are either saturated at great thicknesses!® or even
increase appreciably;® no experiment!? gives a sharp maximum.
Only the soft components associated with the penetrating par-
ticles, such as knock-on electrons and gamma-radiations in nuclear
phenomena, could probably produce a maximum. The striking
difference® in the contribution of ionizing and non-ionizing pri-
maries at 1.5 and 15 cm Pb cannot be understood with the known
properties of protons and neutrons. Because nucleons have a com-
paratively long mean free path for showers of small multiplicity,!s
it is surely impossible that there are more penetrating showers at
1.5 cm Pb than at 15 cm.

It seems that narrow showers are intimately connected with the
soft component. The only thing necessary is to explain the ab-
normal coefficient of absorption and the possibility of a second
maximum appearing. Without introducing new unstable particles,$
I have tentatively applied the idea of Cocconi and Greisen* to
explain a small maximum!® (it may be called rather an irregularity
at present) between 5 and 10 cm in the transition curve. A similar
irregularity in the same region was present in the curve of
Altmann, Walker, and Hess,'6 and also in the Hg curves of Clay.?
Cascade showers die out by leaving a large number of photons of
the order of critical energy, their minimum coefficient of absorp-
tion, 0.19 per radiation length (or 1/2.7 per cm lead), being much
smaller than that of electrons. The surviving photons degrade
their energy mainly by the Compton process, and less frequently
by pair production. Some electrons produce further brems-
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strahlung, while the positrons annihilate and produce photons.
If the multiplication or the cascade of very low energy photons
compensates more than the decrease in photon-efficiency of
counters, the transition curve rises again and reaches a maximum
after about 5 cm Pb (twice the mean free path of the photons of
minimum absorption). The counters are triggered essentially by
the production of photoelectrons or Compton electrons on their
metallic walls. Counters of thin glass walls covered with metal
increase the maximum appreciably. The small angle arrangements
of Bothe constitute another factor favorable to the maximum.
Owing to Compton and coulomb scattering, low energy photons
and electrons deviate widely from their origin. The concurrent
particles of the shower proper may easily miss the detector, but
scattering increases the chance to detect its residual rays. All the
difficulties, such as the large magnitude of the maximum, the
differences in the behavior of ionizing and non-ionizing primaries,
the independence of angle and multiplicity,® the associated
Zusatzstrahlung, etc., can be understood very well. The irregularity
between § and 10 cm probably arises from the discontinuity in the
energy spectrum of soft components; near sea level low energy
electrons, and particularly photons, are more abundant below
200 Mev.'” To avoid the nuclear phenomena and to eliminate the
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softer primaries, underground measurements should give better
results. Whether this hypothesis is good or not can be decided by
experiments.
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MINUTES OF THE MEETING AT SCHENECTADY, NEW YORK, JUNE 14-16, 1951

HE 307th meeting of the American Physical

Society, being the 1951 Summer Meeting in
the East, was one of the delightful small meetings
which more or less alternate with those that are
huge and congested; and it was particularly de-
lightful because of the excellent planning of our
hosts, who were the General Electric Company and
Union College. It was held at Schenectady, New
York, on Thursday, Friday, and Saturday, June 14,
15, and 16, 1951. The attendance was over 400;
this is believed to have made it the largest summer
meeting which we have ever held, apart from the
Semi-Centennial Meeting of 1949. The programme
comprised sixty-four contributed papers and seven-
teen invited papers, their topics distributed widely
over the field of physics: it is reproduced in toto
on the following pages. Cool rain fell throughout
the Thursday and the Friday, distressing to those
who did not remember that sunny June days in
the Northeast are likely to be hot, distressing also
to our hosts of General Electric who had hoped to
offer us the hospitality of their gardens as well as
that of their laboratory ‘“The Knolls.” Mention
should be made that General Electric provided a
fleet of buses to take our members to and fro be-
tween their living-quarters and the Knolls, and
gave us a reception on the Thursday afternoon;
and that Union College extended to our members
the privilege of living in its new dormitory, and
put three of its buildings at our disposal for the
scientific sessions. The heads of the very efficient

Local Committee were L. R. Apker and M. H.
Hebb of General Electric, and H. E. Way of
Union College.

The banquet of the Society was held in the Van
Curler Hotel on the Friday evening with an attend-
ance of 170. Messrs. Hebb and V. Rojansky made
brief and witty remarks, and V. J. Schaefer gave the
principal after-dinner speech under the title ‘‘Cloud
Physics.”

The Council met on the Friday afternoon, and
elected three candidates to Fellowship and one
hundred and forty-seven to Membership: their
names are appended. It was decided that beginning
in 1952, Journal of Chemical Physics shall be
offered to our members on membership subscription
as an ‘‘option” alternative to Physical Review—
without payment beyond regular dues. Also be-
ginning in 1952, as stated in the Minutes of the
Washington meeting, an extra payment of $2.00 (in
addition to dues) will be required from each member
who subscribes to either section of Science Ab-
stracts and an extra payment of $7.50 from any
member who subscribes to both. The Society will
also make an annual grant or subsidy to the
management of ‘‘Science Abstracts’” as a con-
tribution to the fixed charges of that journal, and
the Council approved a specific proposition, in line
with the report of the Committee on Science Ab-
stracts at the Washington meeting.

Reports reaching the office of the Society indicate
that we have lost through death Arnold Sommerfeld



