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sec even with narrow window energy selectors because of the
continuous P-ray spectrum. We therefore show in Fig. 2 the time
distribution of coincidences between the electron and hard p-ray
counter taken with lower-edge energy discriminators. The results
were checked with narrow-window energy selectors and agreement
was obtained with the results shown in Fig. 2.

A pulse-height spectrum of the conversion electrons which show
the 1.27)&10 sec lifetime is given in Fig. 3. The spectrum was
measured with the hard p counter delayer by about 6X10
sec relative to the electron counter. The energy scale was
established by pulse-height analysis on the conversion electrons
of the 104-kev p ray in Eu'". We interpret the peak at 86 kev
as the I conversion electron peak of a p ray of 98&6 kev and
identify this with the intense well-converted 100.0-kev y ray
occurring in the decay of Ta'8'. The 100-kev transition has been
shown to be an E2 transition'0 and the 1.27&(10 'sec lifetime
is appropriate for a fast 100-kev E2 transition of the "cooperative"
type" "in this region of the periodic table. From the fact that no
other radiation appears to follow the hard p rays with this lifetime,
we infer that the 100.0-kev state represents the erst excited state
in WI . This interpretation is in agreement with the energy-
systematics of the erst excited states of even-even nuclei. "'
Further proof of the interpretation that the 100-kev state is the
first excited state of WI82 has been furnished by Coulomb excita-
tion of W."
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FIG. 2. Time distribution of p+ conversion electron —hard y-ray coinci-
dences. Lower-edge energy discrimination imposed upon both counters.

I 86 kev

~1.2-Mev energy in W"' would be expected to have a half-life of
~1.6&(10 ' sec (based on the 9X10 ' sec half-life' for the 513-kev
M2 transition in Rb").

(2) A similar coincidence experiment involving coincidences
between hard y rays and soft electrons has shown that conversion
electrons of a well-converted low-energy p ray are delayed with
respect to hard p rays with a half-life of 1.27%0.10X10 9 sec.
It is not possible to obtain the hard y-conversion electron delay
curve free of interference from the P—hard y lifetime of 1.02X10 ~
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Relative Intensities of ~ and. p Meson X-Rays of
The K and. I.Series in Low Z Elements*

M. B. STEARNS) S. DEBENEDETTI, M. STEARNS, AND L. LEIPUNER
Carnegie Institute of Technology, Pittsbgrgh, I'ennsyleania

(Received January 15, 1954)

'HIS is a preliminary account of work in progress on the
x-rays emitted when m. and p, mesons' ' are captured in light

elements. The mesons from a 450-Mev synchrocyclotron are
slowed down by a copper absorber and brought to rest in the
target of the element investigated (Fig. 1). The stopped mesons
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FIG. 3. Pulse-height spectrum of conversion electrons following the decay
of the 1.27 )(10~ sec delayed state.

FIG. 1. Detection apparatus.

are detected with an anticoincidence telescope (1+2+3—4) and
the resultant x-rays give a pulse in the NaI counter. The NaI
pulses are analyzed with a 24-channel pulse-height selector
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Frc. 2. Typical pulse-height distribution curves of x-rays from the 2p to ls
transition in C. The first curve corresponds to 400 000 stopped 2I mesons
and the second to 50 000 stopped p, mesons.

whenever they are in coincidence (10 ' sec) with the output of the
meson telescope.

Meson x-rays from the E, J, and 3E series have been observed.
Typical examples of the curves obtained are shown in Figs. 2 and 3.
The width of the peaks is mainly instrumental. Part of this width
is due to the statistical Quctuations in the NaI phototube, which
are considerable at low energies, and part to the effects of the high
singles counting rate. The positions of the peaks agree within our
present errors of 10—15 percent with the energies computed in an
elementary way.

For the measurements of relative intensities the targets used had
the same surface density and linear thickness. After subtracting
the background estimated visually from the shape of the curves
(this procedure introduces one of the largest errors in the measure-
ment) the counts of all channels within each peak were added
together, and then divided by the number of counts in the meson
telescope. The relative intensities thus obtained were corrected for
(1) absorption of the x-rays in the target and intervening material,
(2) chemical effects, ('3) NaI detection efficiency, (4) detection
efficienc of coincidence circuits. Adequate tests proved that (4)
was practically 100 percent down to 25 kev. When compounds
were used (N&H4 for N, HsO for 0, LiF for F, and LiCl for CI) it
was assumed that each atom, except H, captured in proportion to
Z. The intensities from C and CH~ were found to be the same
within 10 percent.

The results for m- x-rays are shown in Fig. 4. The small intensity
at low Z is believed to be due to competition with the Auger effect.
However, if this is the sole contribution to the decreased intensity,
our data agree with the approximate estimates of Fermi and Teller'
but disagree with the calculations of Burbidge and deBorde. 4 The

FIG. 4. Z dependence of relative intensities of K and L radiation from
2I- mesons. Each symbol represents a different run, The intensities of B and
Mg were arbitrarily set equal to unity in the K and L plots, respectively.
The intensity of Li -X line is uncertain because of large corrections due to
low energy.

decrease for high Z is due to nuclear capture from mesonic orbits of
total quantum number 2 (2p state) for the E' lines, and 3 (pre-
sumably 3d state) for the I lines. Work is in progress to study the
behavior of the 3XI lines.

The p x-rays behave similarly except that the "Auger effect" is
more important at a given Z, and that nuclear capture is not
observed.

Work is in progress for the determination of the absolute in-
tensities and for a more careful study of the energies.
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Decay of V"
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'HE irradiation of normal V with thermal neutrons has been
reported to produce three activities' which have been as-

signed to V". These activities were found to decay with half-lives
of 2.6 min, 3.75 min, and 16 hr. Recent work has been reported' on
the 16-hr activity and an energy level scheme proposed which
includes all three activities.

The present study of V'~ was made using 180' magnetic photo-
graphic spectrometers and a 10-channel coincidence scintillation
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FrG. 3. Pulse-height distribution curves for ~ —L radiation. All curves
reduced to the same scale by dividing each reading by telescope counts and
by pulse-height-selector channel width. The points have been omitted for
clarity. vr —M radiation appears in Cl and K curves.
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FrG. 1. Gamma-ray pulse-height distribution resultinz from VI'2 (3.7 min).


