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EVIDENCE FOR PARITY-FORBIDDEN o-PARTICLE DECAY FROM THE 8.87-MeV 2~ STATE IN ®O
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The energy spectrum of 1.3 x 108 o particles from the sequential decay ¥N(8~)*0()2C
has been obtained. A group of 7100+ 1800 o particles with an energy of 1278+ 10 keV
has been identified. They are attributed to the parity-forbidden decay from the 160 8.87-
MeV 2~ state into ?C+a. A width I';=(1.8+0.8) X100 eV has been obtained for this

transition.

A search for a-particle decay from unnatural-
parity states in even-even nuclei provides a di-
rect test of parity mixing in nuclear energy lev-
els.! The 8.87-MeV 27 state in '°0 offers the
most favorable conditions for such a test. The
excitation energy of this level exceeds the bind-
ing energy of an @ particle in '°0 by 1.71 MeV.

It can be populated from the 8~ decay of °N (T,
=17.1 sec). A fraction (1.1%) of the betas from
15N goes into the 8.87-MeV state, which in turn

is de-excited by v-ray cascades to the °0O ground
state. The beta branching ratio to the neighbor-
ing 9.61-MeV 1~ level is only 1.2 X107%%. Beta
transitions to this state give rise to a broad a-
particle distribution from the parity-allowed de-
cay into 12C + . Superimposed on this distribu-
tion, a group of « particles with an energy?® of
1280+ 2 keV should appear in the case of the pari-
ty-forbidden decay from the 8.87-MeV state. The
first attempts to observe this unusual decay were
undertaken independently by several groups®®
nearly ten years ago. Low intensity and insuffi-
cient energy resolution restricted their results to

an upper limit, I'y,< (3-6) X107° eV, for the
width of the parity-forbidden a-particle decay of
the 8.87-MeV state. Recently,” this upper limit
has been reduced to I', < 1.6 X107° eV,

16N was produced by the reaction 5N(d, p), bom-
barding 96%-enriched °N gas at atmospheric
pressure with 3-MeV deuterons. The irradiated
gas was allowed to flow from the target vessel
through a thin capillary into a small detection
chamber (2 cm® volume). The gas pressure with-
in this chamber was kept at 7+1 Torr. o-parti-
cles leaving the chamber through four circular
windows (8 mm diam), consisting of 30-1g/cm?-
thick collodion foils, were detected by four Ortec
A-018-025-100 surface-barrier detectors. The
pulses from the detectors, after appropriate am-
plification, entered a 4 X128-channel Laben
pulse-height analyzer. From repeated calibra-
tions, the energy of the o particles was deter-
mined with a precision of +10 keV. A detailed
description of the experimental arrangement has
been given elsewhere.®

Figure 1 shows the pulse-height distribution of
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FIG. 1. Pulse-height distribution of 1.3 x 10® @ parti-
cles as given by an IBM plotter. The arrow indicates
the position of the parity-forbidden a -particle group.
The dashed curve shows the background on a tenfold
enlarged scale.

1.3 X10® o particles. The arrow above channel
32 marks the position (1280 keV) where the pari-
ty-forbidden a-particle group is expected. The
dashed curve in Fig. 1 represents the background
on a tenfold enlarged scale. This background is
mainly due to the electrons from the !°N beta de-
cay and was measured by placing aluminum foils
(5 mg/cm?) between the collodion windows and
the detectors. The absorber prevented o parti-
cles with energies below 5 MeV from reaching
the counters, whereas it had little effect on the
beta spectrum. The total background amounts to
50% of the counting rate for channel 13 and less
than 2% for channel 32. After subtraction of the
background, the remaining pulse-height distribu-
tion from channel 13 to channel 53, with the ex-
ception of the five channels 30-34, can be approx-
imated by an exponential function (see Fig. 2).
The deviations of the measured points from this
exponential function are displayed in Fig. 3.

The analysis of the experimental data was per-
formed in the following manner. The measured
pulse height distribution, before background sub-
traction, contained in the interval of channels 13-
53 was least-squares fitted by the expression

W(x)=A exp(—ax)+Bexp(Bx)+C,

where x is the channel number. The five parame-
ters A, a, B, B, and C were determined by the
fit. A ¥? test of this fit results in the value X,’
=51 (r=35) which corresponds to a probability
P(x*>x,2)<4%. Since the five channels 30-34
contribute ~12 to the value of x,?, they were omit-
ted and a second least-squares fit performed

with the remaining 36 channels. The second fit
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FIG. 2. Pulse-height distribution of 41 channels (13-
53) on a logarithmic scale (background subtracted).
The error bar indicates the tenfold mean statistical er-
ror.

resulted in x,2 =31 (2=30) and P(x®*>x ,2)=40%.
From this result, the positive excess due to the
five channels 30-34 (see Fig. 3) must be taken as
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FIG. 3. Deviations of the pulse-height distribution,
displayed in Fig. 2, from the approximating exponen-
tial function (=AN?*). The error bars indicate the mean
statistical error of the measured points.



VoLUME 25, NUMBER 14

PHYSICAL REVIEW LETTERS

5 OCTOBER 1970

statistically significant. In order to take into ac-
count the influence of these five channels proper-
ly, a Gaussian function was superimposed on the
smooth function W(x) and the resulting expression
W(x) +D expl -4 In2(x,-x)*/H?] was fitted to the ex-
perimental pulse-height distribution. In this
case, the six parameters A, @, B, B, C, and D
were now determined by the fit. The width H
(full-width at half-maximum) of the Gaussian was
taken to be 5 channels (53 keV) in accordance
with the response function of the detecting system
for monoenergetic o particles (see Ref. 3). Fits
were performed with different values of x, be-
tween 30 and 34. The best fit [x,2=31 (n=34),
P(x*>x,2)=62%] was obtained with x,=31.5 (E,
=1275 keV). The maximum value of the Gaussian
was found to be D =1190+ 300. (The error indicat-
ed for D is the variance of this parameter, calcu-
lated by the Gaussian method of least squares.)
In order to check to what extent this result de-
pends on the special form chosen for the regres-
sion curve W(x), a second fit to the experimental
pulse-height distribution was performed using
polynomials, P, (x), of degree m =4, -++, 8.
Again, a Gaussian was superimposed and the ex-
pression P, (x) +D exp[-4 In2(x,~x)?/H?] was
least-squares fitted to the experimental values.
The best fit [x,2=30 (z=32), P(x®>x,2)=56%] was
obtained for m =6 and x,=32 (E =1280 keV) with
D =1470+380. Taking the average of the values
of D and x, resulting from the two different re-
gression curves, one obtains for the area under
the Gaussian N, (8.87) = (7/1n2)*2DH /2 = 7100
+1800. This value is taken as the number of o
particles belonging to a group with energy 1278
+ 10 keV and attributed to the parity-forbidden «
disintegration from the 8.87-MeV 2~ state in °0,
For the ratio of this number ot the number of
beta transitions from *N, leading to the 8.87-
MeV state, one has the relation

N,(8.87) T, 'y
N;s(8.87) (T, +Z>rrad) Z)Frad

where T, ,4is the total radiation width of the
8.87-MeV state. Ng(8.87) is related to N,(9.61),
the number of @ particles originating from the
%0 9.61-MeV 1~ state, by the B-decay branching
Y.

Y (8.87)/¥(9.61) =N 4(8.87)/N ,(9.61).

With Y(8.87)=(1.0+0.2) X102, N(9.61)=1.3
X10%, ¥(9.61)=(1.19+0.10) X10™%,° and 3T,
=2.7+0.5 meV,!° one finally obtains the width for

the parity-forbidden a particle transition,

_ N,(8.87) Y(9.61)
*=N,(9.61) Y(8.87) Er“‘d

r (1.8+0.8)

X107 v

In a previous paper (see Ref. 8) an upper limit
of 0.94 X107 eV (i.e., much less than the actu-
al value presented here) has been given for T',.
This quantity has been determined in the usual
way, by taking 3 times the square root of the
number of a particles contained in the channels
30-34. We believe now that this procedure is not
applicable in the present case, where an energy
spectrum of unknown shape has to be analyzed.
The smallest positive excess recognizable by the
method of least-squares fitting will always be
greater than the upper limit determined by the
square-root rule.

Our numerical value for T, is in rough agree-
ment with the theoretical calculations of Gari
and Kiimmel'**2 and of Henley, Keliher, and Yu.®
Since this parity-forbidden transition must be
ascribed to an isospin Al =0 parity-nonconserv-
ing nucleon-nucleon force, the result of this ex-
periment strongly supports the existence of
strangeness-nonchanging currents mediating the
weak interaction in the current-current form.
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