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"Along the track" scanning of E+ mesons in nuclear
emulsions has shown a number of interactions in Right',
in addition; 19 events have been found in which there
is a single outgoing track of grain density less than that
of the incoming E+ meson. In each of these events the
mass of the incoming particle was determined by grain
counting and multiple-scattering measurements and its
identity as a E+ particle was thus established. If these
events were due to interactions in flight, one would
expect to find some stars with a lightly ionizing track
coming out together with one or more black evaporation
prongs. No such stars were observed. Also, none of the
interactions in fI.ight so far seen' give ofF a visible L
meson. It therefore seems reasonable to identify all
events of this type as the decay of E+ mesons in Right.
From the number of decays in Right found and the
proper slowing-down time of all the E+ mesons fol-
lowed, a mean lifetime is obtained.

Stacks of stripped 600' Ilford 6.5 nuclear emulsions
were exposed edge on to the focused E+-meson beam'
of the Bevatron. The mesons were produced from a
copper target at an angle of 90' to the 6.2-$ev proton
beam and travel a distance of 2.7 m from the target to
the emulsion stack. Exposures were made with two
di8erent momentum-acceptance bands, positive par-
ticles of 390 to 450 Mev/c momentum and 335 to 360
Mev/c momentum. In such an exposure the protons,
E mesons, and x mesons, all of the same momentum,
have difFerent ranges in the emulsion stack, increasing
in that order.

The scanning technique used is as follows. In the
region of the plate just beyond where the protons stop,
tracks are chosen on the basis of grain density. E-par-
ticle tracks have about twice the minimum grain
density, while x mesons of the same momentum
are essentially at minimum. Tracks between 1.8 and
3 times minimum grain density are picked and followed
through the stack. Nearly all tracks selected in this
way turn out to be E particles or 7- mesons, except for a
contamination of about 15% caused by stray protons
and x mesons scattered into the stack and prongs of
stars formed in the emulsion. Excluding the track length
due to v.+ mesons, a total of 31.6 meters of E+-meson
track has been followed. The corresponding total
proper slowing-down time was calculated using the
tables of Barkas and Young' and was found to be
19.2&(10 ' sec. The mass of the E meson was taken as
equal to that of the v meson for this calculation. Since
decays in Qight near the end of a track may not be
readily identified, the proper time spent in the last 2 mm
before a stopping has not been included. From the 19
decays in Right observed we find a mean lifetime for
E+ mesons of

7++=1 01—0 2&+ ' X10 sec.

The error given is the statistical standard deviation
combined with a 10% uncertainty in the length of

track scanned. If the decays in Qight are due to I+
mesons of two or more difFerent mean lifetimes, the
quantity that has been measured is an average of the
form

where n; is the fraction of the E+ mesons entering the
stack that is associated with a mean lifetime of 7;.
Owing to the time of flight from the target to the
emulsion stack, less than 3% of any particles of mean
life 0.3)(10 ' sec or less would arrive at the emulsion
stack. Any such short-lived particles would thus be
highly discriminated against in this measurement. In
the course of the experiment 1.7 meters of v+-meson
track was followed which corresponds to a total proper
slowing-down time of 1.07&(10 ' sec. No decay in
fIight of a r+ meson was observed. The results of this
experiment are consistent with those of Mezzetti and
KeufFel' and Barker et al.'
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NEW beta-emitting isotope of technetium has
been separated from Ru which was subjected to

intense neutron irradiation in the Materials Testing
Reactor ( 2)&10" neutrons/cm'). After the initial
purification, made one year after the end of irradiation,
the predominant activity was 90-day Tc" . The decay
was followed with an end-window P-ray counter, an
argon-filled x-ray counter spectrometer, and a scintil-
lation counter with Pb absorbers of various thicknesses.
Whereas the 90-day period predominated with the first
two detectors, the y radiation measured through 6 g
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Pb/cm' showed a 60-day period and a long-lived. tail
which showed no decay during the last six months. The
60-day component was probably Tc" .

At this time, 2 years after the end of irradiation,
further purihcation of the technetium was performed.
In addition to distillations of Tc207 with H2SO4, a
Dowex-1 anion exchange column was used to eGect
separation from Re.' Three different fractions were
obtained, each purified to a di6erent extent. The ratios
of y rays to 18.4-kev Tc x-rays (from Tc'r ) were
identical, within counting statistics, for all three
samples. Therefore the y rays are associated with an
isotope of Tc.

The decay characteristics were established by coin-
cidence experiments performed with a gray-wedge
scintillation spectrometer. Gamma rays were observed
at 100, 203, 650, and 740 kev. The last two lines are
the strongest and of equal intensity. They are in coin-
cidence with each other but not with x-rays. Therefore
the isotope is primarily a negatron emitter and cannot
be Tc", which can decay only by electron capture. The
203-kev line is very weak and in coincidence with x-rays.
This line probably is from a little Tc" still present in
the samples; the most intense p ray of Tc" is at 201
kev. ' The 100-kev y ray very probably represents the
isomeric transition of Tc" . This line is not in coin-
cidence with any other radiation.

Beta radiation was detected with a thin anthracene
scintillator. The end point was at 300 kev, the same
end point as from a Tc" standard. However, unlike
Tc", P rays of this energy were also displayed in coin-
cidence with either the 740-kev or 650-kev y rays. A
quantitative comparison of the P-p coincidence rate of
the Tc sample with that of a Co" source showed that
about half of the 300-kev P radiation was not in coin-
cidence with the y rays. The noncoincident fraction is
attributed to 2.1&(10'-yr Tc" which is known to emit
no p rays. ' The above data indicate a decay scheme in
which 0.3-Mev P rays are emitted followed by 0.74-Mev
and 0.65-Mev p rays in cascade. No cross-over transi-
tion of 1.39 Mev was observed.

A tentative mass assignment was made by com-

paring the total disintegration energy, 1.7 Mev, with

values expected from the semiempirical mass equation'

and beta-decay systematics4 for various Tc isotopes:
0.4 Mev for Tc", 1.9, 0.2, 3.3, 1.7, and 4.8 Mev for Tc"
to Tc'", respectively. Either mass 98 or 101 would be
a satisfactory assignment; however the latter is already
assigned5 to the well-known 14.3-min Tc' ' with an
experimental decay energy of 1.7 Mev. ' Further, the

present isotope has not been observed as a fission

product as expected for mass 101.Therefore mass 98 is

most plausible. This assigriment and the observed p-ray
energies also agree with the energy expected' for the
6rst excited state of Ru'; and if the 0.74-Mev y is

presumed to precede the 0.65-Mev y, the ratio of the.
energies of the second to Grst excited states is: 2.14, in

excellent agreement with the corresponding ratios
observed for nearly all even-even nuclei in this mass
region. '

The half-life of Tc" is of interest because of its
bearing on the origin of Tc observed in certain stars,
and on the possibility of naturally occurring Tc on
earth. ' For the Tc isotope reported in this paper the
half-life is estimated as roughly 10' years, which is far
too short for survival since original element formation.
It was assumed that the Tc~"' and Tc" in the sample
were produced by (ts,p) reactions from the corre-
sponding Ru isotopes, and that the isotopic cross
sections were the same, except for a factor of 3 to
correct for the higher (rt, p) threshold of Ru". The
result corresponds to about one millibarn eAective
cross section, a reasonable value in view of the intensity
of Tc" in the sample, an amount which indicates a
substantial fast neutron flux to produce the (st, 2rt)
reaction on Ru". An upper limit of 10' years for Tc&"'
is obtained by assuming that most of it was formed by
(e,y) on Tc'"~ and/or Tc".This mode of production is
improbable because a cross section &~10' barns would
be required. Work is continuing on the mass assignment
and half-life.

t Research performed under the auspices of the U. S. Atomic
Energy Commission.

'E. A. Alperovitch, Doctor's dissertation, Columbia Univer-
sity, February 1954 (unpublished). l am grateful to Dr. Alpero-
vitch and Dr. J. M. Miller for sending me some of their resin.

2 Hollander, Perlman, and Seaborg, Revs. Modern Phys. 25, 469
(1953).

s C. D. Coryell, Ann. Rev. Nuc. Sci. 2, 305 (1953).' K. Way and M. Wood, Phys. Rev. 94, 119 (1954).
e D. R. Wiles, Phys. Rev. 93, 181 (1954).' G. Scharii-Goldhaber, Phys. Rev. 90, 58/ (1953).
76. Scharff-Goldhaber and J. Weneser, Phys. Rev. 98, 212

(1955).' E. A. Alperovitch and J.M. Miller, Phys. Rev. 98, 262 (1955).

~--Proton Interactions at 4.5 Bev*
GEQRGE MAENcHEN, WILsoN M. PowELL) GEoRGE SAPHIRy

AND RQBERT W. WRIGHT

Radiation Laboratory and DePartment of Physics,
VNiversity of California, Berkeley, California

(Received June 28, 1955)

HE interaction with protons of 4.5-Bev negative
pions from the Bevatron is being studied by use

of a hydrogen-611ed diffusion cloud chamber. ' The
mesons were produced. by circulating protons of 5.7
and 6.2 Bev striking targets of carbon or uranium.

mesons emitted in the forward direction from the
target underwent momentum analysis by deQections
of 17.6' in the magnetic 6eld of the Bevatron and 10.8'
in an external analyzing magnet. A 4-foot-long steel
collimator with a 5-inch-wide gap was inserted between
the Bevatron and the analyzing magnet. The mesons

passing through the collimator then entered the cloud


