
LETTE RS To THE ED I TOR

isomers by Goldhaber and Sunyar' has shown that the group of
isomers previously identiaed with A, =4 (E4 and M3 transitions)
consist really of transitions with b,I=3 (E3 and M3 transitions),
and that the calculated E/L ratios of Hebb and Nelson' for
electric transitions with bI&3 yield spin changes one unit too
high. In the new classification, Cd'"~, Cs'~~, and Ta'~~ are E3
transitions. These transitions are the slowest of the E3 group and
in fact are nearly slow enough to be compatible with Keisskopf's
E4 lifetime formula. The E/L ratios for these transitions clearly
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computed value expected from previous measurements of electron
intensities'9 is 0.61, while the measured value is 0.59~0.08.

The sources were prepared by slow neutron bombardment in
the Brookhaven reactor. In the case of cadmium, the separated
isotope Cd" obtained from Oak Ridge was used.

A typical pulse height distribution from which x/y-ratios are
obtained is shown in Fig. 1 for Cs'~ . In Fig. 2 are shown the
photopeaks of the 149- and 247-kev gamma-rays of Cd"', from
which the y149/p247 ratio may be computed. The conversion
coefficient for the 247-kev gamma-ray is known, ' and hence the
total conversion coefficient for the 149-kev gamma-ray is deter-
mined. The known E/L ratio for this transition4 allows oig to be
determined. The experimental results are summarized in Table I.

TAsr. H I. Experimental and theoretical conversion coeKcients.
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FIG. 1. Pulse-height distribution from Cs»4~.

indicate their electric character. An accurate measurement of the
internal conversion coefficients will thus decide in favor of E3
or E4.

Measurements of the conversion coeffKients have been made
with a scintillation counter using a 1-cm cube crystal of NaI (Tl).
A single-channel differential discriminator was used for deter-
mining the pulse height distribution. The E conversion coefIicient
was determined by comparing the intensity of the E x-rays rela-
tive to that of the unconverted gamma-ray. The heights of the

Cdii'

+ See reference 5.

The measurements are compatible only with the conclusion that
all of the transitions are of the E3 type in spite of their compara-
tively long lifetime.
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FIG. 2. Pulse-height distribution from Cd~™,showing the unconverted
149-kev and 247-kev gamma-rays.

Disintegration of Sn"'
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' ~ARLIER experiments' on the disintegration of Sn"'m showed
'~ the existence of a strongly converted 69-kev transition, of

250-day half-life, and probably M4 character. It was suggested
I.hat this transition should be followed by a second transition,
probably of M1 character.

The first sources proved to be too weak to measure an accurate
energy of the first transition or to observe the existence of the

photopeaks above background give directly the E conversion
coeffKient when corrections are applied for the following factors:
(1) the percent absorption of the radiations in NaI 1-cm thick
(2) the ratio of photoelectric cross section to total absorption
cross section, " including the effect of Compton scattering by Na
in the crystal; (3) the fluorescent yield for the x-rays;" (4) the
variation of half-width for a photopeak with y-energy; (S) the
change in the fractional acceptance interval, bE/E, of the channel
with discriminator setting; (6) variation, if any, of the absolute
channel width bE with discriminator setting. The method has
been checked hy a measurement of the x/y-ratio for Te'~ . The
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FIG. 1. Conversion spectra of Sn»e~. Upper spectrum, 100-gauss magnet.
Lower spectrum, 200-gauss magnet. yi =65.3 kev, ye =24.2 kev; 109-kev
transition from Tetee~, 390-kev transition from In»mm (produced from Sn»4
and Sn»'- by neutron capture and subsequent decay).
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FIG. 2. Microphotometer traces (redrawn) of Sn»em and SmiEI spectra in the region from 19 to 42 kev. The similarity of the 19.8-kev line with other
conversion lines {e.g., 21.2 and 36,1 kev) and the contrast with Auger lines are exhibited.

TAai.E I. Intensities of conversion lines in Sn»om electron spectrum.

Line

Energy (kev)
Density
Intensity (arb)

24,2-Lg

19,8
0.050+0.005

5.2

24.2-MI

23.3
0.020 &0.005

1.2

65.3-K

36.1
0.110&0.005

1.6

65.3-Lips

61.4
0.715+0.005

3.1

65.3-My

64.8
0.205 ~.005

0.8

second. A crude estimate' of the slow neutron capture cross section
of Sn"s for the production of Sn"9~ was 0.004 barn. Much more
intense sources have now been produced by irradiating a Sn"'
sample (enriched to 91 percent) in a high neutron Qux for a period
of five months. '

Electron spectra of Sn"' taken with 180' magnetic spectro-
graphs are shown in Fig. i. Two y-transitions of 24.2~0.5 and
65.3~0.5 kev are observed. The energy of the former is computed
on the basis of conversions mainly in the LI and 3fi shells. Also
present in the spectrum is the well-known 390-kev y-transition of
In"', produced from Sn"', which is itself produced from 0.2
percent of Sn'~. Although a lifetime check for a period of ~250
days has not yet been made, the 24.2-kev transition is clearly
identified as the secon, d transition of Sn"', since it agrees well
with the value of 20~5 kev determined recently for this transition
by Seharff-Goldhaber et a/. ,4 who used scintillation and propor-
tional counters.

Since the conversion lines of the 24.2-kev transition lie within
the region of the Auger lines from the Sn and In x-rays, it is im-
portant to verify that the 24.2-L and 24.2-M are not Auger lines.
(From the intensity of the 390-kev conversion lines it can be shown
that the In x-ray intensity, arising mainly from the 110-day
E-capture activity of Sn'", is approximately equal to the intensity
of the Sn x-rays arising from conversion of the 65-kev Sn"'
transition. On this basis also, the capture cross section of Sn"s
comes out to be 0.003 barn. } It should first be noted that the
appearance of the 24,2-L conversion line is different from that of
an Auger group. This is clearly shown in Fig. 2, where the photome-
ter traces of Sn"' and Sm'~ spectra, in similar energy regions, are
compared. It is also clear from the intensity analysis that the
24.2-L line is approximately 15 times more intense than that of all
the indium Auger lines put together.

Measurement of the intensity of the 24,2-kev transition presents
some dBBculty on account of the low energies of the conversion
lines. Previously, analysis of the intensity of such low energy lines
has not been attempted because of the difhculty of correcting for
photographic sensitivity and source absorption.

The values given in Table I have been derived using large cor-
rections for photographic sensitivity, which are consistent with
Cranberg and Halpern's values, s and also using Richardson's
analysis' in order to correct for source thickness. These intensity
values show that the 24.2-L and 24.2-M lines represent a transition
which is approximately of the same intensity as the 65.3-kev
transition. Theoretically, this should be the case, since the value
of the LI shell conversion coeHRcient for an Mi transition of 24.2
kev is 7.5.~ An indication that the corrections are of the right
magnitude is shown by the L/M ratios for both transitions, which
are ~4, a value which we have usually observed in previous work.
The K/L ratio of the 65.3-kev transition is 0.51. This value is

lower than previously obtained and is in excellent agreement with
Goldhaber and Sunyar's' empirical curves for an M4 transition.

*Assisted by joint program of the ONR and AEC.
i J. W. Mihelich and R. D. Hill, Phys. Rev. IQ. 781 (1950).
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irradiated by special arrangement with AEC. Isotopes Division, Oak Ridge,
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'HE rate of decay by three-photon annihilation of ortho-
positronium —the ground state of the bound electron-posi-

tron system with spin one—has been calculated theoretically with
three different results: Ore and Powell' find ) 0=7.2+10 sec ',
Lifshitzs gives ho= 1.13)&10' sec ', Ivanenko and Sokolovs obtain
)10=1.6&(20s sec '. Since the three papers start with the same
physical assumptions, the discrepancy must be due to errors in at
least two of the three calculations.

%'e have now determined this decay rate experimentally and
find )«=(6.8+0.7)X10' sec ', in excellent agreement with the
value calculated by Ore and Powell and in disagreement with
the other authors. This seems to be the first ease in which close
experimental verification of a theoretical result has been possible
for a third-order radiation process.

In a previous communication4 we have reported the abundant
formation of ortho-positronium in some gases and the action of
nitric oxide in low concentration to destroy it by rapid con-
version to the para state. This property'of NO permits us to
separate effects due to ortho-positronium from other phenomena.
By this means we have found that in dichlorodi6uoromethane
("Freon 12") at pressures above about 0.4 atmosphere sub-
stantially all annihilation processes occurring with delays exceed-
ing 8/10 ' sec are due to ortho-positronium. At lower pressures
a second group appears which is not suppressed by NO and shows
a rapid decay depending strongly on pressure. We make the
hypothesis that this behavior is due to a large "positron attach-
ment coefficient" of CC1~F2 which results in an anomalously large
molecular annihilation cross section for free positrons. It may not
be accidental that Freon is known to show extremely strong
electron attachment.

Whatever the exact mechanism for suppressing the free posi-




