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DOUBLE GAMMA EMISSION IN THE 6.06-Mev MONOPOLE TRANSITION OF Ot
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(Received July 27, 1961)

In a continuation of our work on double gamma-
ray emission in electric monopole transitions we
have undertaken a study of the 6.06-Mev transi-
tion in O'®, This case was considered theoreti-
cally by Oppenheimer and Schwinger® in 1939,
and then by Dalitz? and by Cameron.® Very re-
cently, Yoccoz* has proposed a more complete
theory of this problem and gives as preliminary
result for the ratio of the probabilities of double
gamma-ray emission and pair creation: 3x1073
<Tyy/T;<8x107% At present, more detailed
calculations are being undertaken.

The 6.06-Mev level was excited by the reaction
F%(p, )0, at the 1880-kev resonance. An exci-
tation curve® for nuclear pair emission had shown
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that this resonance was the most advantageous one
for a study of the monopole transition.

The method of summing the energies of the two
gamma radiations, previously used in an attempt
to detect double gamma-ray emission from the
1.75-Mev transition in Zr%,% was not suitable for
the 6.06-Mev transition in O'®, Indeed for the
gamma-ray energies occuring in O'® the total ab-
sorption rate in the crystals used is much lower
than in Zr?., We have thus been led to the use of
(a-y=-v) triple coincidence (27=5x10"%sec),
gating a multichannel analyzer which records the
energy spectrum of the alpha particles (Fig. 1).
The gamma-rays were detected by two 4-in. X4 ~in.
Nal crystals at 180°, and the alpha particles by a
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FIG. 1. (a) E,=1880 kev,
« 712 direct alpha-particle spectrum.
* 692 (b) E; =1880 kev, alpha-parti-
613 cle spectrum gated by alpha-
T gamma-gamma triple coinci-
dences. Gamma-ray window
at 0,511 Mev (annihilation ra-
.12 17 diation). Accidentals subtract-
6.92 2z ed. (c) Ej, =1880 kev, alpha-
:;"3‘ 2' particle spectrum gated by

alpha-gamma double coinciden-
ces (Ey>2 Mev). Accidentals
subtracted. (d) Ep=1375 kev,
alpha-particle spectrum gated
by alpha-gamma double coinci-
o dences (Ey>2 Mev), Acciden-
tals subtracted.
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FIG. 2. E,=1880 kev, alpha-particle spectrum gated
by alpha-gamma-gamma triple coincidences. Gamma-
ray windows from 1,5 to 4.5 Mev, Accidentals not sub-
tracted (see Table I).

20-mm? RCA junction detector at 150° to the direc-
tion of the incident beam.

A preliminary experiment” had given an upper
limit: I‘W/I‘ﬂ <6x1078,

Since this first experiment the apparatus has
been improved by the use of a lead target cham-
ber forming a conical diaphragm for the Nal crys-
tals. Only gamma rays between 1.5 and 4.5 Mev
were accepted by the circuit.

NagNa,, €

At E,=1880 kev a series of 166 measurements,
each of 30 minutes duration, were made. Figure
2 shows the spectrum obtained. We have verified
that the distribution of the coincidences in time
follows the Poisson law.

Since the measurement of the accidental coinci-
dence rate would be excessively time consuming
because there are several possible kinds of such
coincidences, we calculated® the rate from the
various counting rates and the coincidence resolv-
ing time. Measurements made at the 1375-kev
resonance [predominantly producing the 6.13-Mev
level—see Fig. 1(d)] seem to show that the method
is correct. The probability of double gamma-ray
emission from this level is theoretically very
small. Under the same experimental conditions
as at 1880 kev (in particular, the same counting
rate) no real events were observed; all the coinci-
dences obtained could be attributed to accidentals.
Furthermore, this method has been verified at the
1880-kev resonance by measuring the accidental
coincidences of different kinds that occur with a
greater beam intensity. We estimate that the
maximum error in the calculation of accidentals
is 20%.

Results obtained at the two resonances are
shown in Table 1.

The experimental results are related to the
double gamma-ray emission probability by the
following formula:
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where E = 6.06 Mev,{Qn),,= the mean value of the
product of the solid angle and the efficiency of a
crystal, e= the efficiency of the coincidence cir-
cuit (here e=1), C=0.89=a factor due to the

(1+ cos?6) correlation between the two E1 gamma
rays detected, and a=0.87= the mean transmis-
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sion of gamma rays by the absorber which stops
the electrons from nuclear pair creation.

The product (27)5y was measured directly at
the 1375-kev resonance from the ratio

Ncoinc(a -7) 6.13 /Noz 6.13’

Table I. Alpha-gamma-gamma measured coincidences and calculated accidentals.
Scattered protons
+ + +
“6.92" %1.12 %6.13" %a
1375 kev Measured coincidences 40 55
Calculated accidentals 43 52
1880 kev Measured coincidences 146 55
Calculated accidentals 147 15
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taking into account the a-vy angular correlation.
We obtained (Qn) ,,€=3.66x107%, This result
was verified by a measurement made with a cal-
ibration source of Co®® corrected to our energy
by the use of curves given by Wolicki et al.’

Using the energy spectrum of double gamma-
ray emission, which has the form E3(E,-E)3,10712,4
we have calculated the integral in the denominator
of Eq. (1) and find

140 4.5 Mev
E 7/ [EpE)T [E,-E)p(E -E)FdE =0.24,
0 J1.5 Mev @

where p(E) is the form factor of the energy spec-
trum of a gamma ray of energy E in a 4 in. x4 in.
Nal crystal. The term 140/E 7 is the normaliza-
tion factor. The number N, is measured direct-
ly during the experiment. In a separate experi-
ment the ratio Nyo,0/Nqgn has been measured as
2.8. The factor 1/2 is due to the indistinguishibil-
ity of the two gamma rays.

Since approximate calculations have shown that
the internal and external bremsstrahlung coming
from the pairs are negligible,'® we believe that
the true coincidences observed can be attributed
to double gamma-ray emission. Insofar as no un-
known phenomena of the same order of magnitude
are taking place, our experimental result leads
to the value

I /I _=(2.5+1.1)x107%8,
yv T

In addition, the measurement made at 1375 kev
allows us to give an upper limit for the double
gamma-ray decay of the 6.13-Mev E3 transition
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of O'S;

I /T <5x107%,
Yoy
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